A  FREE  ECONOMY 
IS  WORTH  FIGHTING  FOR 


Business  must  take  the  initiative  if  the  price 
I  decontrol  machinery,  set  up  by  Congress,  is 
to  be  effective.  The  present  price  control 
law  is  far  more  than  a  set  of  instructions  to  the  ad* 
ministrators  of  OPA;  it  is  a  challenge  to  business  to 
be  aggressive  in  speeding  decontrol  decisions  and 
in  persuading  the  Price  Decontrol  Board  to  adopt  a 
strong  stand  for  return  to  a  free  economy. 

Thus  far  business  has  not  met  this  challenge.  Two 
months  after  the  passage  of  the  new  price  law  not  a 
single  application  for  decontrol  of  a  major  product 
had  been  filed  hy  an  industry  advisory  committee. 
This  is  due  in  part  to  the  red  tape  controlling  such 
applications.  Nonetheless,  a  continuation  of  such 
inactivity  on  the  part  of  business  can  well  result  in 
perpetuating  price  control  far  beyond  the  time 
either  the  present  law  or  sensible  economic  policy 
require. 

It  was  the  clear  intent  of  Congress  to  hasten  our 
return  to  a  free  economy.  In  the  legislation  continu¬ 
ing  the  general  control  of  prices,  Congress  formally 
declared  its  purpose  to  have  it  “terminated  as  rapid¬ 
ly  as  possible.” 

To  accomplish  this,  the  House  originally  approved 
a  formula  which  would  have  made  decontrol  man¬ 
datory  when  production  had  attained  a  prescribed 
leveL  The  automatic  decontrol  provision  was  dropped 
before  the  biU  was  finally  passed,  partly  because  of 
the  uncertain  effects  of  strikes  on  production.  But 
Congress  did  not  mean  to  return  the  timing  and  ex¬ 
tent  of  decontrol  to  the  administrative  discretion 
of  OPA. 

On  the  contrary,  to  assure  having  price  control 
“terminated  as  rapidly  as  possible,”  Congress  created 
a  Price  Decontrol  Board  and  gave  it  power  to  over¬ 
rule  OPA  when  the  board  finds  price  control  should 
be  removed.  Moreover,  it  gave  to  industry  the  right 
and  the  responsibihty  to  seek  decontrol.  Also,  in  a 
further  effort  to  speed  up  the  decontrol  process,  it 
placed  narrow  limits  on  the  time  allowed  for  board 
decisions. 

Congress  had  compelling  economic  reasons  for  do¬ 
ing  its  legislative  best  to  speed  up  decontrol. 

1.  It  is  by  all  odds  the  best  way  to  eliminate  the 


bottlenecks  in  production  and  the  black  markets 
which  have  plagued  the  country  since  V-J  Day. 

Rigid  price  ceilings  promote  shortages  of 
badly  needed  commodities  by  discouraging  their 
production.  Such  shortages  both  upset  the  flow 
of  production  and  promote  black  markets.  At 
present  a  considerable  part  of  American  indus¬ 
try  is  stymied  by  shortage  of  critical  parts  and 
materials.  Price  control  is  much  to  blame. 

2.  There  must  be  flexibihty  of  prices  if  a  round  of 
new  wage  adjustments,  which  may  be  forced  on 
industry  early  in  1947,  is  to  be  negotiated  without 
grave  risks  of  seriously  curtailing  production. 

When,  under  the  leadership  of  the  national 
administration,  the  first  post  V-J  Day  round  of 
wage  adjustments  was  made,  price  ceilings 
were  held  rigid  while  wages  were  boosted.  The 
result  was  a  series  of  price- wage  squeezes  which 
upset  production.  They  would  have  been  dis¬ 
astrous  if  we  had  not  been  in  a  sellei’s’  market, 
created  by  a  tremendous  accumulation  of  war¬ 
time  shortages.  In  1947,  however,  many  indus¬ 
tries  will  be  in  a  buyers’  market.  It  must  be 
possible,  therefore,  to  have  wage  increases  re¬ 
flected  promptly  in  price  adjustments  if  we  are 
to  avoid  a  repetition  of  the  costly  post  V-J  Day 
round  of  strikes,  which  often  had  price  control 
as  the  key  issue. 

3.  Rapid  decontrol  is  necessary  to  maintain  a  high 
level  of  employment  and  production. 

Almost  five  years  of  price  control  inevitably 
twisted  the  factors  of  production  and  distribu¬ 
tion  far  out  of  the  equiUbrium  which  would 
prevail  in  a  free  economy  to  which  it  is  the 
clear  purpose  of  the  nation  to  return.  Unless 
the  return  to  a  free  economy  is  facilitated  by  a 
speedy  and  orderly  decontrol,  the  jolt  of  an 
abrupt  return  to  competition  can  be  expected 
to  upset  employment  and  production  seriously. 

Up  To  Business 

To  encoiurage  speed  and  boldness  in  decontrol. 
Congress  provided  for  the  reimposition  of  control 
over  any  prices  which,  after  being  released,  might 


get  out  of  hand.  The  dangers  of  this  sort  are  chron¬ 
ically  exaggerated.  During  the  25-day  period  in  July 
when  there  was  no  price  control  the  Civilian  Produc¬ 
tion  Administration  found  that  “manufacturers  of 
finished  industrial  and  consumer  products  have  gen¬ 
erally  exhibited  commendable  restraint  in  increasing 
prices  no  more  than  increased  costs.” 

All  of  this  endeavor  to  speed  up  decontrol  and 
expand  its  scope  is  likely  to  be  futile,  however,  un¬ 
less  business  furnishes  the  driving  power  for  the 
machinery  Congress  provided.  OPA  certainly  will 
not  do  it.  Neither  can  the  Decontrol  Board  be  ex¬ 
pected  to  go  out  and  drum  up  cases. 

The  necessity  for  vigorous  action  by  business  in 
pressing  for  decontrol  is  increased  by  the  fact  that 
the  general  legislative  standards  to  guide  decisions 
by  the  Decontrol  Board  are  vague.  They  must  be 
clarified  and  sharpened  by  decisions  in  specific  cases. 

The  main  principle  to  guide  the  decontrol  of  non- 
agricultural  products  is  that  price  ceilings  shall  be 
removed  when  supply  is  in  approximate  balance 
with  demand.  But  what  precisely  does  that  mean? 
The  meaning  will  become  clear  only  through  Decon¬ 
trol  Board  decisions. 

.  The  same  is  true  of  the  principle  which  makes  au¬ 
tomatic  decontrol  of  a  non-agricultural  commodity 
contingent  on  whether  or  not  it  “is  important  to 
business  costs  or  living  costs.”  Business  must  press 
cases  which  will  give  specific  meaning  to  those  vague 
terms  if  decontrol  is  to  get  on  apace. 

Cards  Are  Stacked 

At  present  the  government  has  the  cards  pretty 
well  stacked  against  rapid  decontroL 

First,  the  key  members  of  the  staff  of  the  Price 
Decontrol  Board  are  holdovers  from  the  Bowles 
regime  which  emphasized  the  importance  of  carrying 
on  price  control  rather  than  speed  in  getting  rid  of  it. 

Second,  in  exercising  his  authority  to  prescribe 
regulations  to  govern  petitions  for  decontrol,  the 
OPA  administrator  has  required  excessively  compli¬ 
cated  statistical  and  economic  data.  Manufacturers 
who  are  sure  they  can  convince  any  fair-minded 
board  of  the  desirability  of  decontrolling  certain  of 
their  products  assert  that  they  are  blocked  by  statis¬ 
tical  entanglements. 

Third,  OPA  has  discouraged  business  from  moving 
immediately  under  one  section  of  the  law  to  speed 
decontroL  This  section  provides  that  products  “not 
important  in  relation  to  business  or  living  costs” 
may  be  freed  from  price  ceilings  immediately  and 
must  be  freed  by  December  31,  1946,  unles  OPA 
specifically  finds  they  are  important  to  these  costs. 


Instead  of  making  it  possible  for  business  to  move 
under  this  section  now,  OPA  has  issued  rules  which 
have  the  effect  of  blocking  such  a  course  until  the 
end  of  the  year. 

In  the  light  of  obstacles  such  as  these,  it  is  not  sur¬ 
prising  that  the  record  of  decontrol  to  date  is  not 
impressive. 

Decontrol  Record 

Since  June  30  there  has  been  a  drop  from  about 
70%  to  about  60%  in  the  total  value  of  products 
under  price  control.  But  most  of  the  drop  has  been 
accounted  for  by  food  products,  which  Congress  took 
the  lead  in  decontrolling,  and  by  industrial  machin¬ 
ery  which  was  being  decontrolled  when  Congress 
acted.  By  far  the  larger  part  of  manufactured  con¬ 
sumer  goods  remains  under  control. 

This,  however,  is  no  time  for  business  to  be  dis¬ 
couraged.  Rather,  business  should  accept  the  obsta¬ 
cles  put  in  its  way  as  a  challenge  and  work  harder 
than  ever  for  speedy  decontrol. 

The  case  for  decontrol  should  not  be  stated  in  nar¬ 
row  technical  terms.  It  should  be  based  on  grounds 
of  broad  public  policy,  and  should  demonstrate  how 
a  speedy  return  to  a  free  economy  can  hasten  the 
full  release  of  the  nation’s  productive  power. 

For  example,  there  should  be  very  clear  demon¬ 
strations  of  how,  in  far  too  many  cases,  rigid  price 
ceilings—  (1)  discourage  production  of  key  parts  and 
materials  by  making  such  production  relatively  un¬ 
profitable,  (2)  create  shortages  of  key  parts  and 
materials  which  tie  up  broad  ranges  of  production 
or  result  in  piling  up  lopsided  inventories  of  partial¬ 
ly  completed  goods,  and  (3)  thus  cut  away  the  foun¬ 
dations  of  a  stable  economy  and  the  prospects  of 
steadily  sustained  employment. 

There  should  be  equally  full  demonstrations  of  the 
well  known  sequence  from  shortages  to  unrealistic 
price  ceilings  to  black  markets.  Meat  prices  are 
rolled  back,  but  the  meat  is  rolled  imder  the  counter. 

A  free  economy  is  worth  fighting  for.  Liberty  is 
preserved  only  by  the  constant  struggle  of  those  who 
believe  in  it.  Neither  the  interests  of  the  nation  in  a 
strong  and  well-balanced  economy  nor  the  interests 
of  business  itself  will  be  served  by  drifting  at  this 
time.  Now  is  the  time  for  business  to  lead  a  strong 
offensive  for  speedy  elimination  of  price  control. 
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aGAiN  RAYTHEON  presents  an  item  of  broadcast  equipment 
hat  scores  a  hit  with  all  who  see  it.  Following  on  the  heels  of 
laytheon’s  highly  successful  250  Watt  design,  this  new  1000 
^att  AM  transmitter  provides  the  same  excellent  perform¬ 
ance,  the  same  inherent  superiorities  for  higher-powered  sta¬ 
tions  . . .  and  at  surprisingly  low  cost. 

It’s  an  outstanding  design  . . .  perfected  after  months  of 
careful  engineering.  Simpler  circuits  give  the  all-important 
dependability  that  Raytheon  transmitters  are  becoming  widely 
noted  for.  Exceptional  signal  quality  is  achieved  through  tri- 
ode  type  tubes  and  audio  transformers  better  than  were  ever 
before  available.  Its  striking  modern  beauty  catches  the  eye 
of  visitors— makes  it  a  show-piece. 

This  Raytheon  transmitter  commands  attention  of  1000 
^stt  station  owners  and  engineers.  Before  you  decide  on  a 
transmitter,  write  or  wire  for  our  folly  illustrated  specification 
bulletin.  Prompt  deliveries  can  be  modi. 


HERE'S  WHAT  .RAYTHEON  OFFERS 
Study  these  RAYTHEON  features  before  you  choose 
any  transmitter,  for  replacement  or  new  installation. 


i  Siinplifi*«i,  Mor*  Efficient  Circnits— A  high  level  module- 
'  tion  system  eliminates  necessity  of  complicated  and  critical 
adjustment  of  linear  amplifiers  and  minimizes  harmonic  distor¬ 
tion.  Tube  cost  low,  power  consumption  considerably  lower. 


O  Greater  Dependability  — Modem  componet^  operated  at 
^  well  below  their  maximum  ratings,  and  simplified  circuit  de¬ 
sign  reduce  failures  to  minimum.  Designed  to  withstand  over¬ 
loads— fully  resistant  to  excessive  temperatures,  high  humidity. 
Performance  not  impaired  by  ordinary  line  voltage  fluctuation. 


Q  High  Fidelity  Signal  — Modern  triode  type  tubes  used  in  all 
^  audio  stages  have  an  inherently  lower  distortion  level.  Spe¬ 
cially  designed  audio  transformers  reduce  distortion  still  further. 
The  feedback  circuit  also  improves  signal  quality  but  is  not  es¬ 
sential  in  this  simplified  circuit. 


A  Push-Pull  Final  Amplifier  — A  Push-Pull  R  F  final  amplifier 
^  materially  decreases  harmonic  distortion.  Parasitic  oscilla¬ 
tion  in  this  stage  is  eliminated  and  suppressors  are  not  needed. 


R  Easy  to  Operote  — Only  two  stages,  the  R  F  Drive  Amplifier 
^  and  Power  Amplifier,  have  to  be  tuned.  A  Video  type  ampli¬ 
fier  eliminates  complicate  tuning  of  the  Buffer  stage. 


7  Easy  to  Sorvico— Vertical  chassis  constmction  and  sirmmet- 
rical  mechanical  layout  make  servicing  easy.  Hinged  side  pan¬ 
els  give  access  to  all  cabling  and  meters.  Full  height  double  rear 
doors  give  maximum  access  to  wiring  and  components. 


8  Easily  IMoots  All  F.C.C.  Roquiramants- Flat  frequency  re¬ 
sponse  from  30  to  10,000  cycles  per  second.  Noise  level  — 60 
db  b^w  100%  modulation.  Less  than  2Vi%  RMS  for  95% 
modulation. 


C  Fast,  Accurate  Tuning- All  operational  controls  are  cen- 
^  tralized  on  the  front  panel;  every  circuit  is  completely  me¬ 
tered  and  instantly  check^.  Low  spe^  motor  tuning  gives  posi¬ 
tive  micrometer  adjustment  of  the  two  tuned  stages. 


"/t's  a  beauty," 

says  the  visitor  .  .  . 

"It's  a  Star  performer," 

says  the  station  engineer  .  .  . 

"It's  an  excellent  investment," 

says  the  station-owner. 
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sit  the  Malloty  Exhibit  at 
the  National  Metal  Show  in 
Atlantic  City — Booth  C>228. 
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CROSS 

TALK 

>■  NBS  . . .  Electronics  is  an  industry  which  has  grown 
up  in  the  United  States  largely  within  the  last  decade. 
Scientific  principles  responsible  for  its  genesis  and 
growth  were  derived  principally  from  physics,  chemis¬ 
try,  mathematics,  electrical  engineering  and  radio 
engineering.  It  was  only  natural  for  the  National 
Bureau  of  Standards  to  play  an  important  role  in  the 
early  years  of  this  new  held,  particularly  in  developing 
fundamental  and  derived  standards  of  measurements 
and  numerical  data.  Such. work  was  readily  carried  out 
by  Bureau  units  already  in  existence. 

The  industry  expanded  rapidly  during  the  war.  New 
knowledge  had  to  be  developed  quickly  and  without 
thorough  digestion.  Many  new  avenues  of  application 
were  tentatively  opened  up  and  much  new  research  of 
a  basic  nature  was  indicated.  Now  that  wartime  ur¬ 
gency  has  ceased,  the  Bureau  of  Standards,  through  a 
full  hedged  electronics  unit,  could  once  more  perform 
very  valuable  services. 

Lest  industry  wonder  why  a  government  department 
should  be  involved  in  work  that  industry  may  properly 
call  its  own,  one  example  will  suffice  to  point  out  that 
there  are  many  jobs  a  disinterested  agency  working 
for  everyone  could  best  do:  Up  to  very  recently  the 
only  types  of  electric  power  used  in  American  industry 
have  been  direct  current  and  power  at  a  frequency  of 
60  cycles  or  thereabouts.  An  accelerating  trend  is  evi¬ 
dent,  however,  in  the  use  of  power  at  all  manner  of 
frequencies,  including  frequencies  that  can  be  gener¬ 
ated  only  by  electron  tubes.  Thus  competition  for  fre¬ 
quencies  may  easily  arise  between  the  communication 
companies  and  those  making  and  using  high  frequency 
power  for  non-communication  purposes.  This  clash  of 
interest  has  already  led  to  other  difficulties  regarding 
interference  created  by  therapeutic  apparatus. 

Much  data  is  needed  by  all  branches  of  the  industry 
on  such  matters  as  the  amount  of  shielding  needed  to 
eliminate  interference  to  one  service  by  another,  on  the 
matter  of  the  proper  frequencies  to  use,  on  the  matter 


of  necessary  standards  of  performance.  If  the  dielec¬ 
tric  properties  of  all  materials  at  all  frequencies  were 
known,  engineering  and  usage  could  proceed  much 
more  efficiently.  Collection  of  such  data  is  probably  be¬ 
yond  the  capabilities  of  any  industrial  company,  but 
the  information  is  necessary. 

The  Bureau  of  Standards  could  easily  find  a  hundred 
jobs  which  would  produce  data  of  great  value  to  the 
electronics  manufacturer  and  user.  An  industry  such 
as  electronics,  founded  on  scientific  principles,  needs  a 
constant  source  of  supply  of  basic  data  and  an  agency 
to  call  upon  when  unbiased  technical  opinion  is  needed, 
especially  where  such  opinion  is  backed  up  by  physical 
or  electrical  measurements. 

It  is  hoped  that  the  near  post-war  years  will  find  the 
National  Bureau  of  Standards  in  such  a  position. 

►  SCRAP  .  .  .  While  it  may  be  difficult  to  realize  that 
America  must  again  awaken  to  the  need  for  steel  scrap, 
such  is  the  fact. 

Steel  is  needed  to  produce  houses,  machinery,  auto¬ 
mobiles,  refrigerators,  radios  and  all  the  other  things 
that  form  the  backbone  of  our  high  standard  of  living. 
Scrap  makes  up  fifty  percent  of  the  charge  in  open- 
hearth  furnaces,  from  which  by  far  the  greatest  pro¬ 
portion  of  all  steel  comes.  During  the  coal  strike,  a 
larger  proportion  of  scrap  than  normal  was  used  be¬ 
cause  there  was  no  coal  to  make  pig  iron.  Further 
strikes  in  consuming  and  fabricating  industries,  from 
which  a  large  part  of  the  scrap  normally  comes,  held 
back  the  return  of  scrap  to  the  furnaces.  In  recent 
months  as  many  as  25  to  30  open  hearth  furnaces  have 
been  idle  for  lack  of  scrap. 

Much  usable  scrap  is  lying  dormant  in  industrial 
plants,  warehouses,  yards  and  out-of-the  way  places, 
scrap  that  is  urgently  needed,  scrap  that  must  be 
moved  to  market  in  order  that  steel  can  move  into  all 
those  manufactured  products  which  industry  is 
anxious  to  make  and  consumers  so  anxious  to  buy. 
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^  NBS  . . .  Electronics  is  an  industry  which  has  grown 
up  in  the  United  States  largely  within  the  last  decade. 
Scientific  principles  responsible  for  its  genesis  and 
growth  were  derived  principally  from  physics,  chemis¬ 
try,  mathematics,  electrical  engineering  and  radio 
engineering.  It  was  only  natural  for  the  National 
Bureau  of  Standards  to  play  an  important  role  in  the 
early  years  of  this  new  held,  particularly  in  developing 
fundamental  and  derived  standards  of  measurements 
and  numerical  data.  Such. work  was  readily  carried  out 
by  Bureau  units  already  in  existence. 

The  industry  expanded  rapidly  during  the  war.  New 
knowledge  had  to  be  developed  quickly  and  without 
thorough  digestion.  Many  new  avenues  of  application 
were  tentatively  opened  up  and  much  new  research  of 
a  basic  nature  was  indicated.  Now  that  wartime  ur¬ 
gency  has  ceased,  the  Bureau  of  Standards,  through  a 
full  fledged  electronics  unit,  could  once  more  perform 
very  valuable  services. 

Lest  industry  wonder  why  a  government  department 
should  be  involved  in  work  that  industry  may  properly 
call  its  own,  one  example  will  suffice  to  point  out  that 
there  are  many  jobs  a  disinterested  agency  working 
for  everyone  could  best  do:  Up  to  very  recently  the 
only  types  of  electric  power  used  in  American  industry 
have  been  direct  current  and  power  at  a  frequency  of 
60  cycles  or  thereabouts.  An  accelerating  trend  is  evi¬ 
dent,  however,  in  the  use  of  power  at  all  manner  of 
frequencies,  including  frequencies  that  can  be  gener¬ 
ated  only  by  electron  tubes.  Thus  competition  for  fre¬ 
quencies  may  easily  arise  between  the  communication 
companies  and  those  making  and  using  high  frequency 
power  for  non-communication  purposes.  This  clash  of 
interest  has  already  led  to  other  difficulties  regarding 
interference  created  by  therapeutic  apparatus. 

Much  data  is  needed  by  all  branches  of  the  industry 
on  such  matters  as  the  amount  of  shielding  needed  to 
v^'liminate  interference  to  one  service  by  another,  on  the 
matter  of  the  proper  frequencies  to  use,  on  the  matter 


of  necessary  standards  of  performance.  If  the  dielec¬ 
tric  properties  of  all  materials  at  all  frequencies  were 
known,  engineering  and  usage  could  proceed  much 
more  efficiently.  Collection  of  such  data  is  probably  be¬ 
yond  the  capabilities  of  any  industrial  company,  but 
the  information  is  necessary. 

The  Bureau  of  Standards  could  easily  find  a  hundred 
jobs  which  w'ould  produce  data  of  great  value  to  the 
electronics  manufacturer  and  user.  An  industry  such 
as  electronics,  founded  on  scientific  principles,  needs  a 
constant  source  of  supply  of  basic  data  and  an  agency 
to  call  upon  when  unbiased  technical  opinion  is  needed, 
especially  where  such  opinion  is  backed  up  by  physical 
or  electrical  measurements. 

It  is  hoped  that  the  near  post-war  years  will  find  the 
National  Bureau  of  Standards  in  such  a  position. 

►  SCRAP  .  .  .  While  it  may  be  difficult  to  realize  that 
America  must  again  awaken  to  the  need  for  steel  scrap, 
such  is  the  fact. 

Steel  is  needed  to  produce  houses,  machinery,  auto¬ 
mobiles,  refrigerators,  radios  and  all  the  other  things 
that  form  the  backbone  of  our  high  standard  of  living. 
Scrap  makes  up  fifty  percent  of  the  charge  in  open- 
hearth  furnaces,  from  which  by  far  the  greatest  pro¬ 
portion  of  all  steel  comes.  During  the  coal  strike,  a 
larger  proportion  of  scrap  than  normal  was  used  be¬ 
cause  there  was  no  coal  to  make  pig  iron.  Further 
strikes  in  consuming  and  fabricating  industries,  from 
which  a  large  part  of  the  scrap  normally  comes,  held 
back  the  return  of  scrap  to  the  furnaces.  In  recent 
months  as  many  as  25  to  30  open  hearth  furnaces  have 
been  idle  for  lack  of  scrap. 

Much  usable  scrap  is  lying  dormant  in  industrial 
plants,  warehouses,  yards  and  out-of-the  way  places, 
scrap  that  is  urgently  needed,  scrap  that  must  be 
moved  to  market  in  order  that  steel  can  move  into  all 
those  manufactured  products  which  industry  is 
anxious  to  make  and  consumers  so  anxious  to  buy. 


WEATHER 


Although  a  new  radio  direction-finding  receiver  is  gradually  replacing  radar  for  measur¬ 
ing  wind  velocities  by  tracking  radiosonde  balloons  through  clouds  and  darkness, 
seven  microwave  radar  units  are  now  in  regular  storm  detection  service 


.Dm.  UEDRCDT  R  RRUnVC  Lieutenant,  .^«r  Weather  Service 
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The  rapid  growth  of  commer¬ 
cial  flying  along  about  1930 
stimulated  upper  air  measurement 
and  study,  and  the  military  needs 
of  World  War  II  threw  weather 
forecasters  and  air  crew  members 
into  a  close  association  that  discour¬ 
aged  mysticism  on  the  part  of 
either.  Forecasts  are  still  based  on 
rules  and  experience,  but  the  rules 
extend  to  the  stratosphere. 

Having  finished  their  war  train¬ 
ing  job,  many  university  meteorol¬ 
ogy  departments  are  encouraging 
theoretical  and  applied  research. 
Weather  forecasting  should  soon 
become  a  much  more  exact  science. 

Wiad  FiRdiag 

For  several  decades  the  winds 
aloft  have  been  measured  by  observ¬ 
ing  with  a  theodolite  the  motion  of 
free  balloons  inflated  with  hydrogen 
or  helium,  as  shown  in  Fig.  1.  Thfe 


present  network  of  a  few  hundred 
pilot  balloon  stations  distributed 
over  North  America  is  almost  dense 
enough  for  complete  knowledge  of 
the  wind  field  in  clear  weather,  up 
to  the  stratosphere.  But  bad 
weather  is  more  important  than 
good  weather,  and  a  pilot  balloon 
(pibal)  run  ends  when  the  balloon 
enters  a  cloud.  Using  radio  direc¬ 
tion-finding  (rdf)  and  position¬ 
finding  (radar)  techniques  devel¬ 
oped  for  combat,  the  weather  serv¬ 
ices  now  measure  winds  to  higher 
altitude  and  with  greater  accuracy 
in  nearly  any  kind  of  weather. 

The  first  radio  wind  (rawin) 
flights  were  made  in  1923  and  1924 
by  Signal  Corps  personnel  at  Mc¬ 
Cook  field,  using  a  small  balloon- 
borne  spark  transmitter.  By  1928  a 
vacuum-tube  system  on  a  wave¬ 
length  of  125  meters  had  been 
tested  at  Fort  Monmouth,  New  Jer¬ 


PlotUiig  th*  horiaontcd  frock  of  cm  ascondlng  wocrthor  bcdloon  from  radar  Indicatioiu 


no.  1  —  ConToational  thoodolito.  and 
woothor  balloon  lust  boioro  rolooso.  With 
optical  tracking,  a  run  onds  whon  the 
balloon  ontors  tho  clouds 


sey.  Signals  from  these  transmit¬ 
ters  were  received  on  azimuth-find¬ 
ers  using  loop  antennas^  Japan  was 
reported  to  have  used  an  improved 
version  of  the  vacuum-tube  system 
in  World  War  II. 

In  1937  a  100-foot  wire  borne 
aloft  by  a  meteorological  balloon 
was  tracked  by  radar  at  Fort  Mon¬ 
mouth. 

To  permit  wind  measurement  to 
great  heights  in  cloudy  weather,  a 
dipole  reflector  target  such  as  the 
one  illustrated  in  Fig.  2  was  devel¬ 
oped  for  use  with  the  SCR';268 
radar,*  and  pibal  plotting  equip¬ 
ment  and  methods  were  suitably 
modified.  In  1943  the  Signal  Corps 
trained  36  Air  Weather  Service 
officers  for  six  weeks  in  the  theory 
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FORECASTING 


Two  oporolors  and  this  11-cm  radar  con 
track  a  weothor  balloon  through  clouds 
and  dorknoss  to  100.000  yards  rang#  ii 
tho  balloon  carrios  a  goblo  torgot  liko  that 
shown  aloft  horo 


adjustments  are  easily  accessible  to 
a  two-operator  team.  Automatic 
angle  tracking  and  aided  (manual) 
range  tracking  are  provided. 

In  1943  Major  Joseph  0.  Fletcher 
and  Captain  J.  E.  Nastronero 
studied  radar  at  the  Radiation  Lab¬ 
oratory  of  the  Massachusetts  In¬ 
stitute  of  Technology.  They  learned 
the  advantages  of  the  corner  re¬ 
flector  for  microwaves  and  the 
theory  of  microwave  scattering  by 
rain-drops,  predicted  many  years 
ago  but  first  demonstrated  during 
World  War  II,  probably  in  1942. 

The  Antiaircraft  Artillery  used 
a  four-cornered  flat-top  comer  tar¬ 
get  made  of  paper-b^ked  foil  sup¬ 
ported  on  light  wooden  sticks,  which 
was  borne  aloft  by  a  balloon  for 
collimation  (alignment)  purposes. 
The  Signal  Corps  Engineering  Lab¬ 
oratories  and  the  Air  Weather  Serv¬ 
ice  designed  a  slightly  larger  re¬ 
flector  with  one  of  the  four  corners 


and  operation  of  the  equipment. 
These  officers  were  instrumental  in 
developing  electronic  weatheF  tech¬ 
niques,  usually  in  cooperation  with 
other  services  such  as  the  antiair¬ 
craft  artillery. 

Wind  measurements  made  with 
the  SCR-268  are'  similar  ih  accu¬ 
racy  to  those  made  with  theodolites 
(azimuth  and  elevation  angles  to 
the  nearest  0.1  degree).  The  track¬ 
ing  accuracy  of  the  set  is  about  one 
degree  in  angle  and  200  yards  in 
range.  Elevation  angle  readings 
become  erratic  below  17  degrees 
due  to  ground  reflection  of  the  wide 
beam.  Four  operators  are  required 
for  manual  tracking  and  for  read¬ 
ing  and  recording  the  data. 

The  pioneer  microwave  ground 


radar  was  the  SCR-646.  The  de¬ 
signers  felt  that  the  narrow  beam 
characteristic  of  microwave  sys¬ 
tems  would  cause  difficulty  in 
searching  for  and  picking  up  tar¬ 
gets,  so  they  provided  a  200-mega¬ 
cycle  system  for  search  and  ap¬ 
proximate  location  in  addition  to 
the  11-cm  accurate  tracking  system. 
Three  operators  are  required  to  get 
on  the  target;  the  set  then  tracks 
automatically  in  azimuth,  eleva¬ 
tion  angle,  and  range.  A  few 
SCR-545  sets  were  used  for  rawins 
while  this  radar  was  still  in  service, 
but  were  soon  replaced  by  the 
SCR-584.*  The  SCR-684  operates  on 
11  cm  only  and  is  lighter  and  more 
compact  than  the  SCR-545.  Op¬ 
erating  controls  and  maintenance 
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FIG.  2 — ^Dlpok  torgat  for  200>inc  radar, 
and  diagram  showing  bow  a  forgot  roflocta 
inddont  booms  bock  lo  tholr  sooroo 
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Radar  installation  in  Army  weather  station  for  storm  detection.  Antenna  is  in  radome 

on  roof  near  center  ol  building 


opening  downward;  it  was  found 
that  the  gable  form  gave  a  higher 
ascent  rate.  This  gable  target  has 
been  tracked  to  100,000  yards  range. 

The  SCR-658  radio  direction-find¬ 
ing  receiver  shown  in  Fig.  3  went 
into  production  in  1944,  and  soon 
became  standard  for  use  in  the  Air 
Weather  Service.  It  is  simpler, 
cheaper,  and  lighter  than  the  SCR- 
584,  partly  because  it  contains  no 
transmitter,  is  not  inclosed  in  a  van, 
and  does  not  track  automatically. 
The  ground  equipment  measures 
azimuth  and  elevation  angle,  and 
the  transmitter  signals  its  height 
by  means  of  a  baroswitch.  The 
transmitter  is  now  combined  with 
radiosonde  elements,  which  signal 
the  air  temperature  and  humidity 
on  the  flight. 

The  technique  of  radar  wind-find¬ 
ing  found  quick  acceptance,  im¬ 
peded  only  by  diversion  of  equip¬ 
ment  to  more  urgent  uses.  This 
was  because  radar  offered  a  better 
means  of  doing  an  old  job  which  had 
become  indispensable  to  meteorol¬ 
ogy. 

Storm  Detection 

Although  radar  is  rapidly  replac¬ 
ing  the  theodolite  in  measuring 
winds  aloft,  •such  is  not  the  case 


with  radar  storm  detection.  The 
tool  is  new,  and  the  job  is  still  being 
studied  and  recognized. 

Microwave  radar  indicates  the 
location  of  rain  or  other  precipita¬ 
tion  with  great  accuracy  and  reso¬ 
lution.  Thunderstorm  behavior  can 
be  forecast  for  15  minutes  to  sev¬ 


eral  hours  using  trends  indicated 
by  past  observations. 

Radar  has  proven  especially  use¬ 
ful  in  detecting  thunderstorm  areas 
so  that  airmen  can  avoid  them. 
Many  other  groups  will  soon  bene¬ 
fit  by  accurate  short-range  shower, 
lightning,  hail,  windstorm,  and 
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FIG.  3 — ^Thla  dircctioii-lliidiBg  rccaircr  become  standard  eqiib;>-  FIG.  4 — Three-centimeter  aircraft  radar  set  mounted  in  weather 
ment  in  the  Air  Weather  Serrice  for  trocking  balloon-borne  radio-  station  console  designed  by  Signal  Corps  Engineering  Labs  ond 
sondes  through  clouds  and  darkness  as  well  as  in  clear  weother  Air  Materiel  Command  for  storm  detection 
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ulated  by  spraying  water  on  the 
radome  at  a  known  rate. 

Since  rain  echoes  have  radial 
depth,  the  echo  power  is  propor¬ 
tional  to  the  length  of  the  transmit¬ 
ted  pulse  so  long  as  half  the  pulse 
fits  within  the  rain  cloud.  A  slight 
increase  in  sensitivity  is  provided 
by  a  longer  (2i  microsecond) 
pulse  in  storm  detection.  This 
pulse  is  intended  for  use  with  navi¬ 
gational  beacons,  but  it  can  be  used 
in  normal  radar  search  by  a  simple 
modification. 

Thunderstorm  height  is  impor¬ 
tant,  but  height  can  be  measured 
only  on  the  nearer  storms  because 
of  the  limited  angular  resolution  of 
the  radar  and  because  of  the  weak 
signal  returned  from  thunderstorm 
tops.  In  measuring  height,  the 
beam  is  tilted  up  until  the  echo  just 
disappears.  An  angle  of  1.5  degrees 
(half  the  nominal  beam  width)  is 
subtracted  from  the  tilt  meter  read¬ 
ing  to  get  the  elevation  angle. 

In  the  spring  of  1946,  three 
SCR-584  radars  were  still  in  wea¬ 
ther  operation.  Seven  APQ-t3  ra¬ 
dars  have  been  in  regular  storm  de¬ 
tection  service  since  the  summer  of 
1945,  and  have  contributed  to  air 
safety  in  their  vicinity.  The  Air 
Weather  Service  plans  to  increase 
this  number  to  45  in  the  United 
States  during  1946.  Storm  observa¬ 
tions  will  probably  be  available  for 
civilian  use. 


hurricane  warnings  resulting  from 
radar  observations. 

The  army  is  conducting  basic  re¬ 
searches  intended  to  answer  the 
following  questions: 

(1)  What  is  the  effect  of  various 
radar  parameters  on  echo  strength? 

(2)  How  can  a  storm  echo  be  in¬ 
terpreted  in  weather  terms? 

(3)  What  is  the  effect  of  weather 
in  scattering  and  absorbing  the 
radar  energy? 

(4)  What  is  the  distribution  of 
drop  and  ice  crystal  size  and  num¬ 
ber  in  various  cloud  types? 

Storm  detection  on  the  ground 
and  in  the  air  is  expected  to  play  a 
part  in  the  Army  Air  Forces’  all- 
weather  flying  project.  Thunder¬ 


ers  were  stationed  at  10-cm  aircraft 
warning  radars,  and  these  observers 
were  allowed  to  make  rareps  (rain 
area  reports)  over  the  shoulder  of 
the  radar  operator,  or  to  operate  the 
set  a  few  minutes  out  of  each  hour. 
This  seemed  to  be  a  workable  com¬ 
promise  between  aircraft  warning 
and  weather,  since  tropical  thunder¬ 
storms  move  and  change  compara¬ 
tively  slowly.  A  fairly  elaborate 
code  was  used  to  transmit  the  loca¬ 
tion,  size,  and  behavior  of  these 
storm  areas  to  the  air  fields,  where 
they  were  plotted  on  local  charts. 

The  most  popular  storm  detection 
radar  is  the  APQ-13  shown  in  Fig. 
4.  This  set  was  designed  for  instal¬ 
lation  in  aircraft  and  has  a  smaller 


FIG.  5 — Summer  line  squall  as  it  appears  on  scope  of  11-cm  radar  and  3-cm  radar, 
Range  marks  are  5  nautical  miles  opart  on  both  patterns 
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storms  cause  hazard  and  discomfort 
in  flying  due  to  their  turbulence, 
icing,  radio  interference,  and  occa¬ 
sional  damage  to  aircraft  from  di¬ 
rect  hits  by  lightning. 

The  Weather  Bureau,  Army, 
Navy,  and  National  Advisory  Com¬ 
mittee  for  Aeronautics  are  conduct¬ 
ing  a  research  project  on  thunder¬ 
storm  microstructure  near  Orlando, 
Florida.  Radar  is  used  for  detection, 
mapping,  and  surveillance  of  thun¬ 
derstorm  rain  cores,  and  for  taking 
some  of  the  rawin  observations. 

The  first  extensive  field  test  of 
radar  storm  detection  was  in  the 
Panama  Canal  Zone,  where  air  and 
sea  patrols  and  well-sited  long- 
range  radars  kept  constant  vigil 
against  the  attack  that  never  came. 
Tropical  thunderstorms  are  large 
nnd  they  can  be  dangerous  for 
blimps  and  extremely  uncomfort¬ 
able  for  airplanes.  Weather  observ- 


dish  and  lower  power  than  most  of 
the  10-cm  sets  which  have  been 
used  for  storm  detection,  but  its 
3-cm  wavelength  gives  it  greater 
sensitivity.*  Microwave  power  is 
scattered  approximately  as  the 
fourth  power  of  the  frequency,  as 
in  other  forms  of  Rayleigh  or  small- 
particle  scattering.  However,  when 
the  radar  beam  has  to  penetrate  a 
considerable  depth  of  heavy  rain, 
the  optimum  wavelength  for  storm 
detection  increases,  as  red  light 
penetrates  haze  better  than  blue 
light.  Figure  5  illustrates  this  ef¬ 
fect;  at  3  cm  there  is  less  penetra¬ 
tion  of  the  rain  cloud  and  hence  the 
total  area  of'Vain  does  jiot  show. 

Rain  at  the  radar  station  deposits 
a  film  of  water  on  the  radome  (an¬ 
tenna  cover).  Figure  6  indicates 
roughly  the  magnitude  of  the  at¬ 
tenuation  in  this  film,  in  terms  of 
video  signal  voltage.  Rain  was  sim- 


FIG.  6 — Attannation  ol  3-cm  wotes  ior 
Blmuloled  rain  falling  on  rodomo  at  tot- 
ions  rotos 
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SINGLE-STAGE 


Receirer  chosiis  utilizing  the  new  i-m  detector.  The  shield  con  at  extreme  left 
contains  the  step-down  i-f  transformer  that  feeds  the  FM  1000  tube:  the  oscillator 
ond  quadrature  circuits  are  in  the  can  below  the  tube 


The  art  has  long  had  at  its 
command  a  number  of  excellent 
single-stage  circuits  which  very 
closely  approximate  the  ideal  ampli¬ 
tude-modulation  detector,  so  con¬ 
structed  and  arranged  as  to  be 
highly  responsive  to  variations  in 
carrier-wave  amplitude  but  not  at 
all  responsive  to  carrier-frequency 
deviation.  It  was  concluded  that 
further  development  of  f-m  methods 
and  systems  was  being  greatly  im¬ 
peded  by  the  lack  of  a  comparable 
tool  in  the  frequency-modulation 
art.  Accordingly,  efforts  were  di¬ 
rected  to  the  development  of  a 
single-stage  frequency-modulation 
detector,  so  constructed  and  ar¬ 
ranged  as  to  be  highly  responsive 
to  carrier-frequency  deviation,  but 
not  at  all  responsive  to  carrier- 
amplitude  variations. 

The  f-m  detector  to  be  described 
is  responsive  directly,  and  solely, 


to  the  frequency  deviation  of  the 
received  carrier  signal.  In  prac¬ 
tice,  the  full  capabilities  of  the  cir¬ 
cuit  are  efficiently  realized  by  the 
use  of  a  special  heptode  tube  having 
high  transconductance  and  sharp 
cutoff  characteristics  together  with 
shielding  of  the  grid  number  3 
from  other  tube  elements. 

The  minimum  i-f  input  signal 
required  to  operate  the  detector  is 
approximately  one-half  volt  rms  for 
full  deviation,  the  voltage  required 
varying  linearly  with  deviation. 
The  relation  between  the  frequency 
deviation  of  the  applied  carrier 
wave  and  the  audio  output  voltage 
is  linear  up  to  the  limit  of  the  de¬ 
tector  characteristic,  where  a  sharp 
break  occurs.  The  output  for  full 
75  kilocycle  deviation  is  approxi¬ 
mately  20  volts,  peak  to  peak.  The 
response  of  the  circuit  to  amplitude 
variation  is  negligible  and,  with 
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attention  to  shielding,  is  normally 
50  to  60  db  less  than  the  f-m  re¬ 
sponse. 

A  circuit  diagram  of  the  detector 
is  shown  in  Fig.  1.  The  essential 
parts  are  the  heptode  tube  and  two 
tuned  circuits  reactively  coupled. 
The  output  of  the  i-f  amplifier  is 
applied  to  one  of  the  two  control 
grids  of  the  heptode,  shown  as  grid 
3,  and  audio  is  derived  from  the 
plate  current  of  the  tube. 

Fandamwntal  CircMit 

One  of  the  two  tuned  circuits  is 
connected  to  the  first  grid  of  the 
heptode,  while  the  other  is  con¬ 
nected  to  the  heptode  plate.  Both 
tuned  circuits  are  tuned  approxi¬ 
mately  to  the  intermediate  fre¬ 
quency,  and  the  plate  tuned  circuit 
is  damped  so  as  to  have  a  band¬ 
width  approximately  six  times  that 
of  the  useful  deviation  band. 

The  portion  of  the  diagram 
shown  dotted  is  a  neutralizing  cir¬ 
cuit  which  may  be  used  to  remove 
the  disturbing  effects  of  capaci¬ 
tance  coupling  from  grid  3  to  the 
heptode  plate.  If  the  layout  of 
wiring  is  reasonably  good,  no  neu¬ 
tralizing  is  needed. 

Because  of  feedback  of  energy 
from  the  electron  stream  to  the 
input  grid,  it  is  desirable  to  drive 
the  detector  from  a  source  of  fairly 
low  impedance.  Thus  a  step-down 
transformer  (having  an  effective 
turns  ratio  of  about  three  to  one) 
is  ordinarily  used  at  the  input. 

The  first  three  elements  of  the 
tube,  together  with  the  tuned  cir¬ 
cuit  B,  comprise  an  oscillator.  Since 
the  screen  is  bsrpassed  to  ground, 
oscillator  voltage  appears  on  grid  1 
and  the  cathode.  The  oscillator 
operates  class  G,  so  that  the  space 
current  through  the  heptode  con¬ 
sists  of  a  series  of  pulses.  It  i^ 
highly  desirable  that  the  pulse 
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F-M  DETECTOR 


Operating  principles  of  a  circuit  that  uses  a  special  heptode  tube  arranged  as  an  oscillator 
and  phase  detector.  Output  at  full  deviation  is  twenty  volts,  peak  to  peak,  and  response 
to  amplitude  variation  is  fifty  db  less  than  to  frequency  change 


duration  be  short  compared  to  the 
time  interval  between  pulses. 

Phase  Relation 

The  second  control  grid  (3)  of 
the  heptode  causes  the  tube  to  func¬ 
tion  as  a  phase  detector.  The 
proportion  of  a  space  current  pulse 
reaching  the  plate  of  the  heptode 
depends  on  the  potential  of  this 
control  grid  at  the  instant  of  arrival 
of  the  pulse.  This  instantaneous 
control  voltage  in  turn  depends  on 
the  sum  of  the  bias  and  the  incom¬ 
ing  signal  voltage,  which  may  add 
to  or  subtract  from  the  bias,  de¬ 
pending  on  the  phase  relation  be¬ 
tween  the  oscillator  and  the 
incoming  i-f  signal. 

The  fundamental  component  of 
the  resulting  plate  current  is  fed 
back  to  the  oscillator  through  a 
tuned  phasing  circuit,  which  is  re- 
actively  coupled  to  the  oscillator 
tank.  The  adjustment  of  this 
phasing  circuit  is  such  that  the 
effect  of  the  feedback  is  reactive. 
When  this  is  done,  variations  in 
plate  current  cause  pure  frequency 
modulation  of  the  oscillator  without 
any  variations  of  loading  to  the 
first  order,  in  other  words,  without 
changing  the  amplitude  of  the 
oscillator  signal. 

The  phase  of  the  feedback  is 
unaffected  by  the  incoming  signal 
on  the  second  control  grid  (grid  3). 
If  the  pulses  of  plate  current 
through  the  tube  are  short,  the 
incoming  signal  can  only  modify 
their  magnitude,  not  their  phase. 

The  oscillator  circuit  is  shielded 
from  the  direct  action  of  the  incom¬ 
ing  signal,  so  that  the  frequency 
of  the  oscillator  is  determined 
wholly  by  its  fixed  constants  and 
the  fundamental  component  of  the 
heptode  plate  current.  The  circuit 
is  so  adjusted  that,  with  no  input, 
the  oscillation  is  at  center  fre¬ 


quency.  Provided  that  the  phasing 
circuit  is  damped  so  as  to  be  non- 
critical  with  regard  to  frequency, 
and  so  long  as  the  oscillator  has  a 
constant  amplitude,  the  variation 
of  frequency  as  a  function  of  plate 
current  is  linear. 

Because  the  plate  current  con¬ 
sists  of  a  train  of  pulses,  it  follows 
that  the  mean  value  of  the  current 
over  any  one  cycle  is  substantially 
equal  to  one-half  of  the  peak  value 
of  the  fundamental  component.  This 
is  true  for  any  wave  form  of  this 
type,  and  it  does  not  depend  on  the 
exact  shape  of  the  pulse,  provided 
only  that  the  pulses  be  fairly  short 
compared  to  the  interval  between 
pulses. 

Oscillator  Locks  in  Phase 

The  phase  of  the  incoming  signal 
with  respect  to  the  oscillator,  by 
affecting  the  plate  current  magni¬ 
tude,  affects  the  oscillator  fre¬ 
quency.  This  causes  the  phase 
relation  to  change,  tending  toward 
an  equilibrium  phase  relation.  It 
follows  that  the  oscillator  locks  into 


a  nearly  fixed  phase  relation  with 
the  incoming  signal.  The  oscillator 
frequency  is  consequently  the  same 
as  that  of  the  signal.  But  the 
oscillator  frequency  is  directly  pro¬ 
portional  to  the  fundamental  com¬ 
ponent  of  plate  current,  which  alone 
governs  it,  so  that  this  plate- 
current  component  must  vary 
linearly  with  signal  frequency 
deviation. 

Finally,  from  the  fact  that  the 
mean  plate  current  is  proportional 
to  the  fundamental  component,  it 
can  be  concluded  that  the  mean 
plate  current  varies  linearly  with 
the  signal  frequency. 

Put  somewhat  differently,  if  the 
fundamental  component  of  plate 
current  were  not  directly  propor¬ 
tional  to  signal  frequency,  then  the 
oscillator  would  not  remain  locked 
in  phase  with  the  signal.  But  it  has 
been  noted  that  there  is  a  strong 
tendency  for  the  oscillator  to  seek 
an  equilibrium  phase  relation  with 
the  signal,  so  that  as  long  as  the 
incoming  signal  is  strong  enough 
to  cause  the  oscillator  to  lock  in, 
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then  the  plate  current  must  be 
proportional  to  signal  frequency. 

Effect  of  Sigeol 

If  the  oscillation  frequency  of  the 
detector,  in  the  absence  of  signal,  is 
at  the  center  of  the  i-f  band,  and 
if  a  signal  is  applied  at  this  fre¬ 
quency,  then  the  oscillator  must 
adjust  itself  to  be  in  quadrature 
with  the  incoming  signal.  Only  at 
the  instant  that  the  incoming  sine 
wave  passes  through  zero  can  a 
pulse  of  plate  current  pass  through 
the  tube  without  being  either  in¬ 
creased  or  decreased  in  size  by  the 
effect  of  the  signal  voltage,  which 
would  change  the  phase  back 
toward  quadrature.  There  are  two 
such  instants  in  each  incoming 
signal  cycle  but  only  one  corres¬ 
ponds  to  a  stable  lock-in  condition, 
the  other  in  effect  repelling  the 
pulse  in  phase  until  it  moves  to  the 
stable  condition.  This  situation  is 
shown  in  Fig.  2A. 

The  manner  in  which  the  size  of 
the  plate  current  pulses  vary  with 
the  relative  phase  difference  be¬ 
tween  the  oscillator  and  incoming 
signal  is  shown  in  Fig.  2B  and  2C. 

If  the  signal  frequency  changes 
to  a  new- value  within  the  i-f  band, 
the  phase  slowly  changes  until  a 
new  plate  current  is  established, 
which  is  consistent  with  the  new 
frequency.  With  a  large  signal,  only 
a  very  small  phase  variation  be¬ 
tween  oscillator  and  signal  is  re¬ 
quired  to  reach  the  new  equi¬ 
librium;  with  weak  signals,  the 
variation  of  phase  is  greater.  If 
the  signal  is  too  small  and  the  fre¬ 
quency  deviation  too  great,  no  phase 
may  exist  at  which  the  instanta¬ 
neous  grid  potential  is  sufficiently 
different  from  the  bias  potential  to 
produce  the  required  plate  current, 
and  the  oscillator  will  fall  out  of 
synchronization.  The  signal 
strength  required  to  maintain  syn¬ 
chronization  varies  directly  with 
deviation. 

If,  while  the  frequency  is  off 
center,  the  amplitude  of  the  incom¬ 
ing  signal  is  varied,  the  only  effect 
is  that  the  oscillator  phase  read¬ 
justs  itself  continuously  to  main¬ 
tain  the  plate  current  demanded  by 
the  frequency. 

Thus,  the  circuit  functions  as  a 
detector  with  an  extremely  linear 
response  to  frequency  modulation 


FIG.  2 — ^Varicrtion  of  plaie<urTeiit  pulse 
due  to  phase  difference  of  oscillator  and 
incoming  signal 


and  with  no  response  of  the  mean 
plate  current  to  amplitude  modula¬ 
tion,  provided  that  the  incoming 
signal  is  sufficiently  large  to  syn¬ 
chronize  the  oscillator. 

The  shape  of  the  plate  current 
vs.  frequency  characteristic  is 
shown  in  Fig.  3  for  various  adjust¬ 
ments  of  the  phasing  circuit;  in 
Fig.  3 A  the  circuit  is  adjusted  for 
quadrature,  while  Fig.  3B  and  3C 
show  the  effect  of  mistuning.  It  is 
worthy  of  note  that  the  correct 
adjustment  does  not  give  the 
maximum  lock-in  range  for  a 
given  input  signal.  The  slightly 
detuned  adjustment  of  Fig.  3C 
gives  somewhat  greater  lock-in 
range. 

A«M  Response 

An  extremely  small  response  to 
amplitude  modulation  may  remain 
due  to  the  presence  of  stray  coup¬ 
ling  between  the  input  signal  and 
the  oscillator.  This  coupling  is 
mainly  capacitive  and  is  composed 
of  stray  wiring  capacity  plus  inter¬ 
electrode  capacitance  from  input 
grid  to  other  tube  elements.  By 
special  design  precautions,  the  tube 
interelectrode  capacitance  has  been 
made  very  small.  In  practice,  it  is 
essential  to  adjust  the  circuit  pri¬ 
marily  for  linearity,  relying  on 
correct  design  and  wiring  layout 
to  eliminate  extraneous  effects. 

The  neutralizing  circuit  (shown 
dotted  in  Fig.  1)  consisting  of  a 
blocking  capacitor  in  series  with  a 


nearly  self-resonant  choke,  can  ef. 
fectively  remove  the  residual  re¬ 
sponse  to  amplitude  modulation 
when  it  is  uneconomical  further  to 
reduce  stray  capacitance.  This  has 
not  been  found  to  be  noticeably 
better  under  field  conditions,  how¬ 
ever,  since  the  unneutralized  circuit 
has  negligible  amplitude  modulation 
response. 

Mathematical  Aealysii 

In  exact  mathematical  analysis, 
the  operation  of  the  complete  de¬ 
tector  circuit  even  for  steady  state 
conditions  is  quite  complex,  involv¬ 
ing  the  algebra  of  coupled  circuits. 
Hence,  the  outstanding  traits  of  the 
arrangement  tend  to  be  obscured 
by  details  of  analysis. 

The  equivalent  circuit  shown  in 
Fig.  4  is  analytically  much  more 
clean  cut  and  over  a  considerable 
range  of  frequency  is  equivalent  to 
the  actual  circuit.  This  is  true 
because,  although  the  actual  detec¬ 
tor  has  two  tuned  circuits  instead 
of  one  as  in  Fig.  4,  the  phasing  cir¬ 
cuit  is  very  heavily  damped,  so  that 
its  bandwidth  is  approximately  six 
times  that  corresponding  to  the 
maximum  deviation  expected. 
Hence,  this  circuit  reflects  a  sub¬ 
stantially  unchanging  loading  and 
detuning  into  the  oscillator  in  the 
relevant  frequency  range,  while  it 
shifts  the  plate  current  feedback 
phase  through  90  degrees. 

Using  the  circuit  of  Fig.  4,  it  is 
easy  to  show  how  the  circuit  ignores 
amplitude  modulation  and  why  its 
detection  characteristic  is  in¬ 
herently  linear. 

The  negative  conductance  re¬ 
flected  by  the  tube  in  Fig.  4  across 
the  tuned  circuit  is  — alJEx  =  G, 
where  B,  is  the  peak  voltage  across 
the  tuned  circuit,  a  is  the  effective 
stepdown  turns  ratio  of  the  oscil¬ 
lator  coil,  and  h  is  the  fundamental 
component  of  cathode  current, 

It  is  a  good  approximation  to  rep¬ 
resent  the  plate  current  as  a  func¬ 
tion  of  ik  and  c*,  the  instantaneous 
voltage  on  the  second  control  grid, 
by  the  expression  i,  = 
where  F(Ct)  is  a  function  shaped 
somewhat  like  an  integral  sign. 

The  second  control  grid  voltage  is 
made  up  of  the  sum  of  a  fixed  bias 
and  the  sinusoidal  incoming  signal 
of  magnitude  Et.  Then  e,  =  F*  + 
F«,)  cos  (toof  +  where  F*  and 
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^  are  functions  of  t  varying  slowly 
with  respect  to  cos  (Oof. 

F(et)  may  be  expanded  in  a  Tay¬ 
lor’s  series  about  e,  =  Eta,  and  terms 
beyond  the  second  neglected.  This 
approximation  turns  out  to  be  ra¬ 
ther  good  because  of  the  fact  that 
in  normal  operation  u  is  zero  ex¬ 
cept  for  a  short  time  during  which 
c,  is  within  a  half  volt  or  so  of  Eta- 

F{et)  =  ^ (Eta)  +  F'(Eta)  Et  cos  (oaat  +  0*) 

The  cathode  current  pulses  occur 
at  the  time  when  the  voltage  on  the 
first  control  grid  is  at  a  maximum. 
This  voltage  is  of  the  form  e,  =  Ei 
cos  (a)of  +  <f>ut)).  It  maximizes 
when  (j)of  =  —  </>i,  so  that  the  mean 
effective  value  of  F(e,)  during  the 
occurrence  of  the  current  pulse  is 


F(et) 


Fa-\-  F'  Et  cos  (<^  —  <tn). 


writing,  for  brevity,  Fo  and  F'  for 
F(Eto)  and  F'iEx)  respectively. 

Then  the  magnitude  of  the  funda¬ 
mental  component  of  plate  current 
can  be  expressed  as  a  function  of 
magnitudes  and  phases  of  signal 
and  oscillator  voltages  as  follows: 


Ip  =  7*1^0  +  F' Ei  cos  —  ^)) 


I  The  above  expression  specifies  the 

I  magnitude  of  The  phase  of  I,  is 
substantially  in  exact  opposition  to 
that  of  the  oscillator,  due  to  the  nor¬ 
mal  phase  inverting  action  of  the 

(tube  and  the  inability  of  the  incom¬ 
ing  signal  appreciably  to  change  the 
timing  of  the  pulses  of  current, 
p  The  quadrature  network,  Q,  rep- 
i  resents  the  effect  of  the  actual  phas- 
I  ing  circuit.  It  is  here  represented 
V  as  merely  applying  to  the  oscillator 
i  from  a  high  impedance  source  a 

I  current  proportional  to  I,  but 
changed  in  magnitude  by  a  factor 
H  and  shifted  in  phase  with  respect 
to  the  oscillator  voltage  by  an 
amount  6. 

The  admittance  which  this  cur¬ 
rent  reflects  across  the  tuned  circuit 
!  is  the  ratio  of  the  current  to  E, 

Y  ^  E  Ik[Fo  -f-  F' Ej  cos  (01  —  0i)l 

i  El 

The  conductance  across  the  tube 
contributed  by  the  oscillator  ele¬ 
ments,  as  noted  above,  is  G  = 
-  ah/ El.  The  admittance  of  the 
tuned  circuit  alone  is  Ti  =  -1-  jtoCt 

+  Near  resonance  this  can 

be  represented  approximately  by 
4-  72c (o)  —  (Oi),  where  to, 
IS  the  resonant  frequency  of  the 
!  tuned  circuit  alone. 


For  steady  oscillation,  the  total 
admittance  across  the  tuned  circuit 
must  be  zero. 

a+Y  +  Y,  =  „  -^+  H^*tn+ 
F'EiCos  (</>*  —  <^)]  cos  e  -Hi  j2C(«  —  c^i)  + 

H  [Fo  F'  Ei  cos  (<t>i  —  0i)l  sin  =  0 

or  substituting, 

/p  =  /i  [Fo  “H  F'Ei  cos  (<t>t  —  ^)1 
0  =  EiQi  —  alk  +  H  coad  Ip  + 

j  I  El  2C  (w  —  «i)  W  sin  0  /p  I 

Both  real  and  imaginary  parts  of 
this  expression  must  be  separately 
equal  to  zero.  Setting  the  imagi¬ 
nary  part  equal  to  zero  gives 


FIG.  3 — Adjustment  of  the  phasing  circuit 
produces  these  curres  of  plate  current 
plotted  against  frequency 


FIG.  4 — Circuit  of  Fig.  1  arranged  for 
mathematical  analysis 


The  equation  is  important  be¬ 
cause  it  dictates  that  the  plate  cur¬ 
rent  varies  directly  with  frequency 
provided  Ei  is  constant.  It  also 
shows  that  the  connection  between 
plate  current  and  frequency  does 
not  depend  on  £**,  again  provided 
El  is  constant. 

Phasing  Adfustment 

Setting  the  real  part  equal  to  zero 
gives 

EiQi  —  alk  -f  7?  cos  9  /p  =  0 

In  this  equation  Qi  and  h  are  defi¬ 
nite  functions  of  Ei  alone,  so  that 
the  equation  represents  a  connect¬ 
ing  relation  between  Ei  and  I,.  For 
correct  operation,  it  is  desirable  for 
El  to  be  constant  and  unaffected  by 
/p.  It  follows  that  the  correct  ad¬ 
justment  of  the  phasing  circuit  is 
that  which  causes  cos  6  to  be  zero. 

This  adjustment  can  be  per¬ 
formed  readily  by  causii^g  Ip  to  vary 
by  means  of  an  audio  voltage  ap¬ 
plied  to  the  signal  input  grid  and 
adjusting  the  phasing  circuit  for  a 
minimum  of  audio  in  the  oscillator 
grid  current.  Since  the  phasing  cir¬ 
cuit  has  a  low  Q,  the  adjustment  is 
not  particularly  critical. 

Carrying  on  the  above  approxi¬ 
mate  mathematical  treatment,  the 
effect  of  stray  couplings  from  the 
signal  input  to  other  parts  of  the 
circuit  can  be  evaluated.  The  gen¬ 
eral  result  is  that  such  couplings, 
if  large  enough,  tend  to  cause  the 
detector  to  respond  slightly  to  am¬ 
plitude  modulation. 

The  effect  of  the  finite  duration 
of  the  pulses  of  cathode  current  can 
also  be  treated  approximately  by  a 
slight  extension  of  the  above  analy¬ 
sis.  It  has  been  found  that,  if  the 
pulses  have  a  duration  of  less  than 
one  quarter  of  a  cycle,  the  detector 
operates  for  all  practical  purposes 
as  if  the  pulses  were  ideally  short. 
If  the  current  pulses  become  longer 
than  one  third  of  a  cycle,  the  opera¬ 
tion  of  the  circuit  becomes  more 
complex,  w’ith  some  residual  dis¬ 
tortion. 

The  width  of  the  pulses  is  con¬ 
trolled  by  the  loading  reflected  into 
the  oscillator  circuit  by  the  phas¬ 
ing  circuit.  No  more  coupling  to 
the  phasing  circuit  should  be  used 
than  enough  to  give  the  required 
deviation  sensitivity,  excessive 
coupling  causing  wide  pulses. 
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Machine-Tool 
CONTOUR  CONTROLLER 


Converting  stylus  position  relative  to  a  templet  into  quadrature  signals  and  mixing  these 
components  gives  a  vector  signal  indicative  of  direction  and  distance  stylus  has  moved. 
Phase  of  signal  governs  motor  control  to  keep  tool  moving  at  constant  speed  around  work 
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FIG.  1 — Ccmponanta  ol  outomafic  contonxing  control  shown  in  oporational  relationship 
to  ooch  odior  In  tho  uppor  diagram.  Arrows  bolow,  indicate  circuit  operation,  show¬ 
ing  that  If  there  is  no  strlus  deflection  there  will  be  no  macUne  driye;  ii  there  is 
simit  stytns  motion,  the  templet  will  tend  to  make  more  positiTe  contact  against  the 
styfais;  a  the  stylns  deflectton  equals  the  desired  index-point  setting,  the  cutter  will 
move  parallel  to  the  templet  face;  and  if  the  stylus  is  deflected  too  much,  the  work 
and  templet  will  be  moeed  out  from  the  tool  and  stylus  respectiTely 


Automatic  contouring  controls 
^simplify  machining  such  odd¬ 
shaped  work  as  cams  or  dies  that 
cannot  be  machined  on  a  standard 
machine  without  excessive  labor. 
The  one  described  here  accomplishes 
its  purpose  by  following  and  dupli- 
eating  contours  of  a  master  tem¬ 
plet  or  pattern.  It  gives  positioning 
follow-up  that  is  completely  elec¬ 
trical,  highly  accurate,  continuous 
instead  of  step  by  step,  drives  the 
tool  at  constant  travel  speed,  and  is 
flexible  in  its  control  of  the  ma¬ 
chine. 

In  describing  the  electronic  con¬ 
touring  control,  description  of  the 
motor  controller  is  abbreviated  to 
avoid  repetition  of  other  published 
articles  on  that  and  related  subjects. 
In  addition,  to  avoid  confusion,  the 
detailed  description  is  limited  to  the 
application  of  contouring  to  a  mill¬ 
ing  machine  and  contouring  in  one 
plane  (in  this  case,  the  horizontal 
plane).  If  the  machine  has  provi¬ 
sion  for  controlling  the  vertical 
feed,  it  is  relatively  simple  to  switch 
from  one  of  the  feeds  being  con¬ 
trolled  (either  electrically  or  me¬ 
chanically)  to  the  vertical  feed,  and 
at  the  same  time  re-orient  the  trac¬ 
ing  head.  The  principle  of  operation 
as  described  will  be  the  same. 

Control  Components 

A  complete  electronic  contouring 
control  equipment  comprises  the  fol¬ 
lowing  components: 

Machine  tool — A  lathe,  boring 
mill,  milling  machine,  etc.  that  is 
constructed  so  that  the  two  feed 
motors  can  be  connected  through 
proper  gearing  directly  to  the  cor¬ 
responding  lead  screws  can  be  used 
as  the  machine  tool. 

Two  FEED  MOTORS — One  motor  is 
connected  through  proper  gearing 
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to  the  cross  feed  lead  screw  and  the 
other  is  connected  through  proper 
gearing  to  the  longitudinal  feed  lead 
screw.  The  size  of  the  motors  will 
depend  upon  the  size  of  the  machine. 
There  can  be  no  direct  mechanical 
tie  between  feeds  because  it  is  nec¬ 
essary  that  they  be  mutually  inde¬ 
pendent. 

Motor  control  panel — A  floor- 
mounted  panel  contains  the  elec¬ 
tronic  controls  for  both  feed  motors. 
It  can  be  set  out  of  the  way  behind 
the  machine.  The  size  of  the  thyra- 
tron  power  tubes  that  control  the 
motors  will  depend  upon  the  size  of 
the  corresponding  feed  motors. 

Contouring  control  desk — A 
bench-board,  floor-mounted  panel 
contains  the  electronic  contouring 
control  panels.  It  should  be  located 
for  the  operator's  convenience  un¬ 
less  separate  push-button  stations 
'are  used.  All  necessary  operating 
controls  such  as  push-buttons  and 
potentiometers  are  located  on  its 
sloping  top. 

Magnetic  tracing  head — The 
tracing  head  is  rigidly  mounted  in 
proper  and  fixed  location  with  re¬ 
spect  to  the  cutting  tool.  It  can  be 
fastened  to  the  arbor  or  set  in  a 
cavity  in  the  frame.  The  stylus  must 
have  free  access  to  the  edge  of  the 
templet,  and  must  be  perpendic¬ 
ular  to  the  plane  of  contouring.  The 
axis  of  each  set  of  tracer  head  coils 
must  be  parallel  to  the  correspond¬ 
ing  feed  motion.  Force  required  to 
deflect  the  stylus  is  low,  being  ap¬ 
proximately  four  ounces  for  a  0.01 
in.  deflection,  consequently  templets 
of  wood  or  plaster  can  be  used. 
Templet  and  templet  support 


— The  templet  is  rigidly  mounted  in 
proper  location  with  respect  to  the 
work,  with  free  access  to  the  trac¬ 
ing  head  stylus.  Either  the  templet 
or  tracing  head  should  be  adjusta¬ 
ble  relative  to  the  other  to  simplify 
initial  tool  line-up. 

Figure  1  shows  schematically 
how  the  above  components  are  com¬ 
bined  to  make  up  a  complete 
electronic  contouring  control  equip¬ 
ment.  The  complete  equipment  op¬ 
erates  as  a  closed-loop  control 
system,  or,  more  specifically,  a  posi¬ 
tioning  follow  up  control  system. 
When  the  templet  is  in  contact  with 
the  stylus,  the. tracing  head,  illus¬ 
trated  photographically,  generates 
signals  that,  after  being  amplified, 
mixed,  bent,  and  translated,  are  fed 
into  the  motor  control  panel.  The 
motor  controls  in  turn  control  the 
speed  and  direction  of  rotation  of 
the  corresponding  feed  motors  to 
drive  the  movable  table  with  the 
templet  mounted  on  it  so  that  the 
stylus  feels  along  the  edge  of  the 
templet. 

The  power  supply  and  oscillator 
(conventional,  therefore  not  shown 
in  circuits)  supplies  d-c  voltage 
used  in  the  various  circuits,  and 
also  a  2,000-cycle  a-c  voltage  from 
a  vacuum  tube  oscillator  and  power 
amplifier.  The  2,000-cycle  voltage 
is  used  for  faster  speed  of  response 
and  more  efficient  use  of  the  varia¬ 
ble  inductances  in  the  tracing  head. 
The  voltage  from  the  power  ampli¬ 
fier  is  fed  into  a  phase-shift  bridge, 
which,  by  means  of  a  resistor-ca¬ 
pacitor  combination,  provides  two 
output  voltages  90  degrees  out  of 
phase. 


By  J.  M.  MORGAN 

Control  Engineering  Division 
Oeneral  Electric  Co. 
Schenectady,  N.  Y. 


Tracer  head  oi  electronic  contouring  con¬ 
troller  mounted  on  the  tool  carriage  of  a 

*  lathe 

The  two  output  voltages,  desig¬ 
nated  reference  and  quadrature,  are 
fed  to  the  corresponding  translator 
circuits.  In  addition,  they  are 
stepped  down  and  fed  to  the  cor¬ 
responding  tracing  head  bridge  cir¬ 
cuits,  of  which  the  two  sets  of  vari¬ 
able  inductances  in  the  tracing  head 
are  a  part  (Fig.  2). 

Tracing  Head  Bridge  Circuits 

Signals  used  for  operating  the 
equipment  under  automatic  con¬ 
touring  conditions  are  generated  in 
the  magnetic  tracing  head  as  shown 
in  Fig.  2.  The  head  contains  four 
variable  inductances.  When  it  is 
properly  oriented,  two  of  these  in¬ 
ductances  (1  and  3)  are  in  an  axis 
parallel  to  the  longitudinal  feed, 
and  are  two  legs  of  the  correspond¬ 
ing  bridge  circuit.  The  other  two 
inductances  (2  and  4)  are  in  an 
axis  displaced  90  degrees  from  the 
first  and  parallel  to  the  cross  feed. 


Circuits  of  contour  controller  are  housed 
in  control  desk,  operating  controls  are  on 
slant  top 
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and  are  two  legs  of  the  other  bridge 
circuit. 

With  no  deflection  of  the  tracing 
head  stylus,  both  bridge  circuits  are 
balanced  (by  proper  adjustment  of 
potentiometers  IP  and  3P  for  one 
bridge  circuit  and  potentiometers 
2P  and  4P  for  the  other  bridge  cir¬ 
cuit)  and  there  is  no  output  voltage 
from  either  bridge  circuit.  The 
tracing  head  is  so  constructed  me¬ 
chanically  that  a  deflection  of  the 
stylus  changes  the  air  gaps  of  one 
or  both  sets  of  inductances,  depend¬ 
ing  on  both  direction  and  magni¬ 
tude  of  the  deflection.  Consequently, 
any  deflection  of  the  stylus  will  re¬ 
sult  in  an  output  voltage  from  one 
or  both  bridge  circuits.  The  vector 
sum  of  these  two  output  voltages 
will  be  directly  proportional  to  the 
stylus  deflection,  both  in  magnitude 
and  direction. 

The  output  voltages  of  the  two 
bridge  circuits  are  fed  into  cor¬ 
responding  amplifier  circuits.  These 
two  amplifier  circuits,  one  for  each 
bridge,  amplify  the  relatively  weak 
bridge  output  voltages  to  workable 
levels,  and  in  turn  feed  them  into 
the  mixer  circuit. 
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of  deflection  (index  point)  required 
to  give  a  90-degree  phase  shift  can 
be  adjusted.  In  addition,  the  in¬ 
dex  point  selected  will  be  independ¬ 
ent  of  the  setting  of  the  sensitivity 
potentiometer  2P.  Advantage  can 
be  made  of  the  control  of  index 
point  to  rough  out  the  work  at  a 
given  index  point  around  the  temp¬ 
let;  then,  by  increasing  the  index 
point  a  few  thousandths  of  an  inch, 
a  finishing  cut  can  be  made  from  the 
same  templet  without  other  change. 
Increasing  the  sensitivity  decreases 
the  change  in  stylus  deflection  re¬ 
quired  to  give  a  correcting  phase 
shift. 

The  combination  of  the  direc¬ 
tional  signal  voltage  obtained  from 
the  tracing  head  and  the  phase 
shifting  action  of  the  bender  circuit 
gives  the  guiding  characteristic 
needed  in  order  to  follow  the  con¬ 


tours  of  a  templet.  Once  the  tem¬ 
plet  is  brought  into  contact  with 
the  stylus,  it  starts  moving  in  a 
direction  tangential  to  the  stylus 
and  will  continue  to  do  so  until 
stopped  by  the  operator. 

When  a  comer  or  change  of  slope 
is  reached,  the  direction  of  stylus 
deflection  changes  and  the  templet 
will  tend  to  run  in  a  different  direc¬ 
tion.  If  the  stylus  tends  to  dig  into 
or  lose  contact  with  the  edge  of 
the  templet,  the  bender  circuit  cor¬ 
rects  this  tendency  by  changing  the 
amount  of  phase  shift  and  thus 
keeps  the  magnitude  of  stylus  de¬ 
flection  constant. 

Traaslator  Circaits 

The  signal  voltage,  after  going 
through  the  bender  circuit,  has  the 
necessary  directional  characteris¬ 
tics  to  cause  correct  movement  of 
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FIG.  2 — ^Mechanical  and  electrical  diagrams  of  tracer  head,  incluchnq  its  associated 
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FIG.  3 — Bender  circuit  introduces'  a  phose  shift  so  that  drive  direction  is  propor¬ 
tional  to  omplitude  of  stylus  deflectkm 


the  stylus  along  the  edge  of  the 
templet.  The  signal  has  a  certain 
phase  relation  with  respect  to  the 
reference  voltage  which  depends 
upon  the  shape  or  slope  of  the 
templet.  The  one  basic  problem  re¬ 
maining  is  that  the  signal  voltage 
is  a  2,()00-cycle  a-c  voltage,  and  d-c 
voltages  are  needed  to  operate  the 
two  motor  control  circuits  which, 
in  turn,  operate  the  feed  motors. 
The  one  a-c  signal  voltage  needs 
to  be  translated  into  two  equivalent 
d-c  voltages,  and  that  conversion  is 
the  function  of  the  translator  cir¬ 
cuits. 

The  signal  voltage  from  the 
bender  circuit  is  fed  (through  Tube 
1  and  grid  transformers  IT  and 
2T)  to  the  grids  of  the  tubes  of 
two  similar  translator  circuits 
shown  in  Fig.  4.  The  circuits  are 
identical  except  that  one  has  the 
2,000-cycle  reference  voltage  from 
the  oscillator  applied  to  the  plates 
of  the  translator  tubes,  while  the 
other  uses  the  2,000-cycle  quadra¬ 
ture  voltage.  In  other  words,  the 
signal  voltage  from  the  bender  cir¬ 
cuit  is  applied  to  the  grids  and 
the  reference  or  quadrature  voltage 
is  applied  to  the  plates  of  the  trans¬ 
lator  tubes. 

The  function  of  each  translator 
circuit  is  to  provide  a  d-c  voltage 
which  can  be  used  to  govern  the 
speed  and  direction  of  the  feed 
motor  corresponding  to  that  trans¬ 
lator.  Each  d-c  voltage  must  have 
a  magnitude  proportional  to  the  re¬ 
quired  speed,  and  a  polarity  to  de¬ 
termine  the  direction  of  rotation  of 
the  feed  motors. 

The  two  translator  circuits  give 
the  desired  d-c  voltages  by  utilizing 
the  phase  relation  of  the  signal  volt¬ 
age  from  the  bender  circuit  with 
respect  to  the  reference  voltage  in 
one  translator  and  with  respect  to 
the  quadrature  voltage  in  the  other 
translator.  The  signal  voltage  has 
been  amplified  to  such  a  degree  that 
its  magnitude  no  longer  matters. 

It  can  be  seen  that  each  transla¬ 
tor  output  voltage,  filtered,  is  a 
d-c  voltage  proportional  to  the 
cosine  of  the  phase  angle  between 
the  signal  voltage  (on  the  grids) 
and  the  reference  or  quadrature 
voltage  (on  the  plates).  For  ex¬ 
ample,  assume  that  the  signal  volt¬ 
age  is  in  phase  with  the  reference 
voltage.  In  Translator  No.  1  the 
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I^IG.  4 — Translator  circuit  conrerts  phase  signals  from  bender  circuit  into  direct  cur* 

rent  signals  for  motor  control 


corresponding  grid  is  positive  when 
plates  are  positive  on  “positive” 
Tubes  1  and  3,  but  is  negative  when 
plates  are  positive  on  “negative” 
Tubes  2  and  4.  Consequently,  out¬ 
put  voltage  will  be  maximum  posi¬ 
tive  (cos  0  =  1).  If  grid  voltage 
is  shifted  180  degrees,  then  output 
voltage  would  be  maximum  nega¬ 
tive  (cos  180  =  —1).  At  the  same 
time,  the  signal  voltage  is  90  de¬ 
grees  out  of  phase  with  the  quad¬ 
rature  voltage.  In  translator  No. 
2  the  corresponding  grid  goes  posi¬ 
tive  90  degrees  after  plate  voltage 
on  “positive”  Tabes  5  and  7  and 
stays  positive  90  degrees  after  plate 
voltage  on  “negative”  Tubes  6  and 
8  goes  positive.  The  “positive”  and 
“negative”  tubes  are  on  an  equal 
length  of  time,  and  consequently 
the  output  voltage  will  be  zero  (cos 
90  or  cos  270=0) . 

Because  the  plate  voltages  have  a 
90-degree  phase  relationship,  it  fol¬ 
lows  that  Translator  No.  1  will  have 
an  output  voltage  proportional  to 
the  cosine  of  the  phase  angle  be¬ 
tween  the  signal  voltage  and  the 
reference  voltage,  while  Translator 
No.  2  has  an  output  voltage  pro¬ 
portional  to  the  sine  of  the  same 
phase  angle.  The  polarity  depends 
upon  that  of  the  function.  Conse¬ 
quently,  the  two  motors  governing 
d-c  voltages  have  a  sine-cosine  rela¬ 
tionship  so  that  the  vector  sum  of 
the  two  feed  speeds  is  constant,  the 
magnitude  depending  on  setting  of 
the  contouring  speed  potentiometer, 
and  the  direction  depending  on  the 
slope  of  the  templet. 


Under  automatic  contouring  con¬ 
ditions,  the  operating  signal  is  ob¬ 
tained  from  the  tracing  head  when¬ 
ever  the  stylus  is  deflected,  and  this 
signal  voltage  is  phase-shifted  90 
degrees  in  the  bender  circuit.  When 
there  is  no  stylus  deflection,  there 
is  no  signal  voltage  and,  conse¬ 
quently,  no  templet  movement. 

Coatroller  Oparation 

In  order  to  move  the  templet  and 
work  with  no  stylus  deflection,  a 
manual  signal  voltage  is  fed  into 
the  system  in  place  of  the  normal 
signal  voltage.  This  manual  signal 
voltage  is  obtained  by  using  a  po¬ 
tentiometer  that  has  a  continuous 
360-degree  winding  and  four  90- 
degree  taps.  The  reference  voltage 
is  connected  to  two  opposite  taps 
and  the  quadrature  voltage  is  con¬ 
nected  to  the  other  two  taps.  The 
phase  of  the  resulting  signal  volt¬ 
age  will  then  depend  upon  the  posi¬ 
tion  of  the  potentiometer  slider  and 
can  be  varied  through  360  degrees. 
By  feeding  this  manual  signal  volt¬ 
age  directly  into  the  translator  cir¬ 
cuits  (to  eliminate  bending  due  to 
changes  in  magnitude),  it  becomes 
possible  to  steer  the  work  and 
templet  in  a  direction  depending 
upon  the  slider  position.  When 
properly  connected  and  adjusted, 
the  direction  of  travel  will  be  in¬ 
dicated  by  an  arrow  on  the  knob. 

The  magnitude  of  the  d-c  output 
voltages  from  the  two  translators 
depends  only  on  the  phase  angle 
between  the  signal  voltage  and  ref¬ 
erence  voltage.  In  order  to  change 


the  tool  travel  or  contouring  speetj 
(maximum  speed  of  one  motor 
when  other  motor  is  stopped)  a 
double  potentiometer  is  used  to  take 
an  equal  percentage  of  both  trans¬ 
lator  voltages.  In  other  words,  if 
the  contouring  speed  potentiometer 
is  set  at  half  of  its  maximum  value 
the  contouring  speed  will  be  half 
of  the  contouring  speed  when  the 
potentiometer  is  set  at  its  maxi¬ 
mum  value. 

The  two  d-c  output  voltages  are 
then  applied,  through  suitable  elec¬ 
tronic  control  circuits,  to  the  cor¬ 
responding  feed  motors  which  drive 
the  cross  and  longitudinal  feeds  of 
the  movable  work  table.  The  motor 
control  is  such  that  it  holds  a  motor 
speed  proportional  to  the  magni¬ 
tude  of  the  d-c  output  voltages 
from  the  corresponding  translator, 
and  runs  the  motor  in  a  direction 
depending  on  the  polarity  of  that 
voltage.  Consequently,  a  constant 
tool  travel  speed,  or  speed  of  move¬ 
ment  of  the  stylus  along  the  edge  of 
the  templet,  is  maintained,  regard¬ 
less  of  the  direction  of  travel. 

One  of  the  most  important  requi¬ 
sites  of  any  contouring  control  sys¬ 
tem  is  high  duplicating  accuracy. 
Exactness  between  successive  pieces 
of  work  in  connection  with  the  de¬ 
velopment  of  the  electronic  auto¬ 
matic  contouring  control  tests  were 
made  to  determine  what  duplicat¬ 
ing  accuracy  could  be  expected  with 
this  type  of  control.  The  results  of 
these  tests  (made  on  a  small  lathe) 
were  as  follows. 

With  a  tool  travel  speed  along 
the  work  of  one  inch  a  minute,  five 
small  brass  pieces  were  turned  out, 
one  after  the  other.  These  five 
pieces  were  then  compared  to  find 
the  maximum  error,  and  where  it 
occurred.  The  maximum  error  was 
less  than  0.001  inch  and  occurred, 
as  would  be  expected,  where  the  di¬ 
rection  of  tool  travel  had  to  change 
rapidly.  The  error  on  a  relatively 
larger  radius  (approximately  \ 
inch)  was  less  than  half  of  the 
above. 

Tests  made  at  tool  travel  speeds 
of  five  and  ten  inches  a  minute 
showed  errors  between  finished 
pieces  of  work  of  approximately 
0.002  inch  and  0.003  inch,  respec¬ 
tively.  The  use  of  a  higher  quality 
machine  would  undoubtedly  im¬ 
prove  the  accuracy. 
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Thermistor- Regulated 
Low-Frequency  Oscillator 


Phase-shift  oscillator  with  four  cathode  follower  stages  and  a  thermistor  maintains  output 
level  within  10  percent  over  entire  range  of  0.9  to  10,000  cycles.  Practical  circuit  with 
values  of  components  is  supplemented  by  design  considerations  and  cathode  follower  theory 


By  LAWRENCE  FLEMING 

Naval  Ordnance  Laboratory 
Washington,  It.  C. 


The  development  of  instruments 
for  vibration  measurements, 
magnetic  testing,  geophysical  explor¬ 
ation,  and  many  other  purposes  re¬ 
quires  a  good  low-frequency  oscil¬ 
lator.  The  compact  and  reliable 
oseillator  described  covers  the  fre¬ 
quency  range  of  0.9  cycle  to  10,000 
cycles  in  four  decade  ranges,  with  a 
tuning  dial  that  varies  the  frequency 
continuously  over  a  ratio  of  0.9  to  10. 
The  same  dial  engraving  serves  for 
all  four  ranges,  and  accuracy  of  fre¬ 
quency  setting  is  within  5  percent. 

Automatic  amplitude  control  by 
means  of  a  thermistor  maintains  the 
output  level  constant  within  approxi¬ 
mately  10  percent  throughout  the 
frequency  range  and  keeps  the  dis¬ 
tortion  close  to  li  percent  at  all  fre¬ 
quencies  where  it  can  be  measured. 

The  regulating  action  of  the  ther¬ 
mistor  amplitude  control  is  well 
damped,  so  that  the  output  level  of 
the  oscillator  has  no  tendency  to  hunt 
or  overshoot  in  response  to  power 
line  surges  or  to  manipulation  of  the 
frequency  dial  on  the  range  switch. 
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Front  and  rear  riews  of  stable  low-frequency  oscillator.  Tuning  dial  in  center 
of  panel  controls  o  three-gong  potentiometer  haring  special  inverse  squore 
law  taper  to  give  a  linear  scale 


HG.  1 — Basic  circuit  of  phose-shift 
oscillator 


The  output  is  also  completely  free 
from  any  tendency  to  jump  about. 

Phase-Shift  Oscillator  Circuit 

The  principle  of  the  oscillator  cir¬ 
cuit  is  shown  in  Fig.  1.  The  R-C 


phase-shifting  network  is  connected 
in  the  usual  way  between  the  plate 
and  grid  circuits  of  the  triode. 
Roughly  speaking,  if  the  gain  of  the 
tube  is  greater  than  the  loss  through 
the  network  at  that  frequency  where 
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phase  shift  through  the  network  is 
180  degrees,  oscillation  will  occur.'*  *■  ® 
For  this  circuit  the  gain  required  for 
oscillation  is  29  and  the  frequency  is 
/  =  1/2icjRCV6  if  the  three  sections 
of  the  network  are  alike. 

For  given  values  of  R  and  C,  the 
oscillating  frequency  is  six  times 
lower  for  the  type  of  network  shown 
than  for  the  configuration  having 
series  resistors  and  shunt  capacitors. 

A  thermistor,  connected  as  the 
lower  half  of  a  voltage  divider  which 
includes  resistor  Rt  in  the  feedback 
circuit,  is  employed  to  regulate  the 
amplitude  of  oscillation.  If  the  am¬ 
plitude  of  oscillation  increases,  the 
current  through  the  thermistor  rises. 
As  its  temperature  rises  its  a-c  re¬ 
sistance  goes  down,  reducing  the  per¬ 
centage  of  signal  fed  back.  The  static 
characteristics  of  the  Western  Elec¬ 
tric  lA  thermistor  are  approximately 
as  in  Table  I. 

The  complete  circuit  of  a  practi¬ 
cal  oscillator  is  given  in  Fig.  2.  The 
frequency  control  dial  rotates  a 
three-gang  potentiometer  Pi  which 
with  capacitors  Ci  to  C,  forms  the 
controlling  network  of  the  phase- 
shift  oscillator^  Sets  of  capacitors 
are  selected  by  a  three-circuit  four- 
position  range  switch  to  provide  the 
four  frequency  ranges.  To  compen¬ 
sate  for  the  effect  of  stray  capaci¬ 
tance  on  the  highest  frequency 
range,  part  of  one  of  the  capacitive 
legs  of  the  network  (C.)  is  made 
adjustable. 

The  dial  scale  tends  to  be  crowded 
at  the  high-frequency  end  because 
the  frequency  is  inversely  propor¬ 
tional  to  the  resistance  in  the  net¬ 
work.  The  scale  shape  was  improved 
by  using  special  inverse  square  law 
tapered  three-gang  potentiometers. 
A  logarithmic  taper  would  have 
produced  a  logarithmic  dial  scale, 
having  the  same  percentage  accuracy 
of  setting  at  all  points. 

Cotbed*  Fellewert 

The  oscillator  circuit  employs  a 
single  amplifier  stage  V,,  operating 
at  high  level,  and  four  cathode  fol¬ 
lowers.  Each  of  the  latter  has  a  def¬ 
inite  use. 

The  amplifier  tube  operates  with 
no  bypass,  coupling,  or  decoupling 
capacitors  whatever.  Stray  phase 
shifts  outside  the  controlling  net¬ 


work  made  up  of  ganged  potentiom¬ 
eters  Pi  and  capacitors  Ci  —  C, 
affect  the  operations  of  the  oscillator 
profoundly  and  must  be  avoided. 
The  screen  and  bias  voltages  for  the 
6J7  tube  are  semi-fixed.  The  vol¬ 
tage  divider  current  was  selected 
after  some  experimentation  to  give 
the  best  compromise  between  high 
gain  and  stability.  The  gain  is  80. 

Cathode  follower  Vt,  direct-coupled 
to  the  plate  of  Fj,  is  employed  to 
drive  the  thermistor  without  loading 
down  tube  V,. 

The  thermistor  amplitude  control 
circuit  is  like  that  of  Fig.  1  except 
for  a  special  method  of  returning 
the  low-potential  end  of  the  thermis¬ 
tor  to  ground.  The  thermistor  is 
returned  to  the  cathode  of  one  sec¬ 
tion  of  the  double  triode  The 
series  combination  of  Rt  and  the 
thermistor  thus  extends  between  the 
cathode  of  V,  and  the  cathode  of  one 
section  of  Vt.  These  two  cathodes 
are  maintained  at  the  same  d-c 
potential  by  a  path  through  3-meg- 
ohm  resistor  Rt,  through  which  the 
grids  of  the  two  triodes  are  kept  at 
the  same  potential.  Signal  voltage 
is  kept  from  the  grid  of  the  ground- 
return  section  of  triode  V,  by  filter 
combination  R,  —  C,. 

The  a-c  impedance  to  ground  of 
the  cathode  of  the  section  of  F«  being 
discussed  is  about  1,000  ohms  since 


the  tube  is  essentially  a  cathode  fol- 
lower.  This  special  ground  return 
arrangement  is  necessary  because  of 
practical  considerations  of  leakage 
in  large  capacitors.  The  thermistor 
could  have  been  returned  to  ground 
through  a  large  capacitor,  about 
100  /if,  but  an  electrolytic  capacitor 
in  this  application  gives  trouble  due 
to  its  variations  in  d-c  leakage.  The 
leakage  causes  the  operating  point 
of  the  thermistor,  and  hence  the 
signal  level,  to  drift  about.  The  com¬ 
bination  of  one  section  of  triode  V, 
with  Rt  and  C-,  is  really  a  scheme  for 
making  a  small  capacitor  plus  a  tube 
act  as  a  substitute  for  a  very  large 
capacitor. 

The  junction  of  Rt  and  the  ther¬ 
mistor  is  connected  to  the  grid  of  the 
second  triode  section  of  V„  whose 
cathode  acts  as  a  low-impedance 
source  for  feeding  the  phase-shifting 
network.  Thus,  tube  characteristics 
are  made  to  have  very  little  effect  on 
the  frequency  of  oscillation. 

All  the  above  tubes  receive  their 
plate  voltage  from  a  pair  of  voltage- 
regulator  tubes.  The  reduction  of 
coupling  due  to  the  common  imped¬ 
ance  of  the  power  supply  is  very 
necessary  to  avoid  degeneration  at 
low  frequencies,  but  decoupling 
capacitors  produce  phase  shifts  that 
cause  distortion  and  mistracking  at 
the  lowest  frequencies.  The  rest  of 
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the  power  supply  is  conventional. 

The  output  stage  uses  a  6V6  tube, 
V,,  operated  as  a  cathode  follower. 
There  is  no  need  for  amplification 
here,  but  considerable  need  for  isola¬ 
tion  and  low  output  impedance.  A 
step  attenuator  is  provided  in  the 
output  of  Va  for  convenience  in  ob¬ 
taining  small  output  voltages. 

Tubes  Vu  Vtt  and  V*,  whose  cath¬ 
odes  operate  at  high  d-c  potentials 
above  ground,  are  heated  from  a 
separate  filament  winding  whose  cen¬ 
ter  tap  is  connected  to  the  cathode 
of 

Capacitor  Cs  is  connected  across 
Rr  to  compensate  for  phase  shifts  at 
high  frequencies  due  to  the  plate- 
ground  capacitance  of  pentode  Vi. 
Such  phase  shifts  make  the  oscilla¬ 
tion  amplitude  drop  and  make  the 
frequency  too  low  at  dial  settings  of 
Pi  above  3  kc  on  the  highest  fre¬ 
quency  range.  Capacitor  C.  has  the 
opposite  effect.  It  can  be  chosen  to 
give  proper  amplitude  and  dial  scale 
tracking  up  to  10  kc.  If  Cg  is  too 
large,  the  frequency  and  amplitude 
will  be  too  high  for  the  dial  setting. 

General  Detiga  Consideratiees 

The  effect  of  stay  phase  shifts  on 
the  performance  of  a  phase-shift 
oscillator  is  important.  In  resis¬ 
tance-capacitance  coupled  amplifiers 
the  output  voltage  tends  to  lead  in 
phase  the  input  voltage  at  low  fre¬ 
quencies  and  to  lag  at  high  frequen¬ 
cies.  The  phase  lead  is  introduced 
by  interstage  coupling  capacitors, 
plate  and  screen  RC  decoupling  net¬ 
works,  cathode  bypass  capacitors, 
and  the  common  capacitive  imped¬ 
ance  of  the  power  supply.  The  phase 
lag  at  high  frequencies  is  due  to  the 
shunt  capacitances  to  ground  across 
the  plate  and  grid  circuits  of  the 
tubes. 

In  a  phase-shift  oscillator  employ¬ 
ing  a  main  network  of  the  phase¬ 
leading  type,  such  as  the  circuit  of 
Fig.  1  and  2,  additional  leading 
phase  shifts,  such  as  those  due  to 
decoupling  networks  and  the  like, 
will  increase  the  frequency  of  oscil¬ 
lation  and  decrease  the  gain  required 
for  oscillation  (increase  the  ampli¬ 
tude  and  distortion).  Stray  lagging 
phase  shifts,  as  those  due  to  shunt 
circuit  capacitance,  will  decrease  the 
frequency  below  that  which  the  main 


FIG.  3 — Basic  cathode  follower  orcuit 


network  would  dictate,  and  increase 
the  gain  required  to  maintain  oscil¬ 
lation  (tend  to  make  the  device  go 
out  of  oscillation).  In  an  oscillator 
employing  a  network  of  the  phase 
lag  tjrpe  these  stray  phase  shifts 
have  the  converse  effect. 

The  undesirable  effects  of  stray 
phase  shifts  become  noticeable  in 
oscillator  circuits  of  this  type  per¬ 
haps  two  octaves  nearer  the  mid¬ 
band  frequency  of  the  system  than 
any  amplitude  effects  of  frequency 
response.  Thus,  in  the  oscillator 
described  the  amplifier  portion  is  flat 
to  well  over  12,000  cycles,  yet  com¬ 
pensation  is  required  for  proper 
oscillation  amplitude  and  tracking 
above  3,000  cycles. 

For  fixed-frequency  or  narrow- 
range  phase-shift  oscillators,  the 
leading  type  of  phase-shifting  net¬ 
work  is  best  for  low  frequencies,  be¬ 
cause  the  stray  phase  shifts  usually 
present  tend  to  aid  oscillation.  Con¬ 
versely,  for  high  frequencies  the 
lagging  or  low-pass  type  of  network 
is  the  easiest  to  get  working. 

Thermistor  Time  CoRstants 

It  is  not  recommended  that  the 
type  lA  thermistor  be  employed  as 
an  amplitude  control  for  frequencies 
lower  than  1  cycle.  This  thermistor 
requires  about  1.5  seconds  to  follow 
a  change  in  current  90  percent  of  the 
way  to  equilibrium.  Accordingly, 
the  thermistor  would  introduce  dis¬ 
tortion  at  1  cycle  were  it  not  for  the 
degenerative  properties  of  the  oscil¬ 
lator  at  harmonics  of  the  oscillating 
frequency.  Slower  thermistors  are 
made,  but  are  less  sensitive  and  less 
readily  available  than  the  type  lA. 
The  design  problem  is  one  of  com¬ 
promising  lowest  distortion  at  the 
lowest  frequency  with  the  conveni¬ 
ence  of  a  fast-acting  amplitude  con¬ 
trol. 

Measuring  distortion  at  frequen¬ 


cies  below  20  cycles  is  difficult.  The 
waveform  of  the  oscillator  at  1  cycle 
looks  like  a  pure  sine  wave  when 
recorded  on  a  Brush  recorder,  indi¬ 
cating  an  actual  distortion  of  less 
than  5  or  10  percent  at  this  fre¬ 
quency. 

Cathode  Follower  Theory 

In  Fig.  3,  if  /x  is  the  amplification 
factor  of  tube  V,  r,  is  the  plate  re¬ 
sistance  of  the  tube,  and  ru  is  the 
cathode  load  resistor,  the  a-c  resist¬ 
ance  R,  looking  at  terminals  X-Y  is 

"  1  4-  M  +  r,/r* 

The  gain  VG  of  the  stage  then  is 

VG=  ■■  .  ^ — — 

«i  1  4-  M  +  Tp/rk 

Values  of  bias,  load  resistor  n,  and 
maximum  power  and/or  voltage  out¬ 
put  of  a  cathode  follower  are  gov¬ 
erned  by  exactly  the  same  consider¬ 
ations  as  if  the  tube  were  operated 
as  a  conventional  resistance-coupled 
amplifier.  The  values  of  /x  and  more 
particularly  of  r,  used  should  be  the 
true  values  at  the  plate  current  at 
which  the  tube  is  operating,  not  the 
published  nominal  values. 

The  input  capacitance  of  a  cathode 
follower  is 

C,=C„4-C„4-C,*  (1- VG) 
where  Ci  is  the  input  capacitance, 
C,p  is  the  grid-plate  capacitance,  and 
Cgg  is  the  grid  to  shell  and  heater 
capacitance. 
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Table  I — Static  Choracterisffcs  of 
WX.  lA  Thenxustor 


Current 
in  ma 

Voltage 
in  volts 

A-C  resistance 
in  ohms 
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The  APS-4  light-weight  X-band 
(9,375  me)  radar  system  was 
primarily  intended  for  use  by  the 
U.  S.  Navy’s  carrier-based  planes. 
During  the  latter  part  of  the  Pacific 
war  it  was  installed  in  carrier-borne 
dive-bombers,  torpedo-bombers,  and 
fighters,  as  well  as  seaplanes  based 
on  cruisers  and  battleships. 

The  system  consists  of  a  trans¬ 
mitter-receiver  called  the  bomb,  a 
control  box,  two  indicators,  two 
indicator  amplifiers,  and  a  junction 
box.  The  bomb  unit,  which  houses  the 
majority  of  the  circuits,  is  sealed 
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Initollation  on  carrier-bated  plane,  with  tronsmitter-receiTer  in  bomb-ihoped  unit 
under  one  wing.  Effectire  'rongei  reported  include  detection  of  land  at  90  nautical 
ndlet  from  a  high  altitude,  land  at  50  miles  from  500  feet,  aircraft  carriers  at  45  miles. 

and  tingle  planes  at  11  miles 


Main  components  of  APS-4  aircraft  radar. 
Total  weight  is  only  175  lb.  a  greater  port 
of  which  can  be  dropped  in  an  emergency 
by  actiToting  the  bomb  release  mechanism 
supporting  the  tronsndtter-receiTer  unit 

and  pressurized  on  the  ground  with 
dry  air  to  a  gage  pressure  of  5 
pounds  per  square  inch.  This  unit 
is  usually  mounted  on  the  lower 
side  of  the  wing,  supported  in  a 
standard  Navy  bomb  rack.  In  an 
emergency  the  pilot  can  dispose  of 
the  bomb  unit  by  activating  the  re¬ 
lease  mechanism.  In  single-place 
planes  only  one  indicator  is  used, 
but  in  larger  planes  the  pilot  has 
one  indicator  and  the  radio  operator 
has  another. 


This  equipment  was  developed  by 
Bell  Telephone  Laboratories  and 
manufactured  by  Western  Electric 
Co.  for  the  Navy  Department  Bureau 
of  Aeronautics  and  Bureau  of  Ships. 

The  antenna  scans  150  deg  in 
azimuth  (75  deg  to  the  left  and  75 
deg  to  the  right  of  dead  ahead). 
It  is  also  possible  to  tilt  the  antenna 
so  as  to  direct  the  narrow  beam  to 
any  angle  between  10  deg  above  and 
30  deg  below  the  longitudinal  axis 
of  the  plane. 

Two  types  of  scanning  are  pro¬ 
vided:  a  two-line  scan  for  the  lo¬ 
cating  of  ships  and  land  targets  and 
a  four-line  scan  for  intercepting 
enemy  aircraft.  The  two-line  scan 
consists  of  two  horizontal  sweeps 
per  cycle,  one  sweep  being  at  the 
tilt  control  setting  and  the  next 
sweep  at  an  angle  4  deg  below  this 
setting.  Thus  as  the  antenna  sweeps 
horizontally,  it  also  continuously 
nods  so  that  the  radiated  energy 
covers  an  elliptical  area.  The  radia¬ 
tion  pattern  of  the  antenna  is  6  deg 
wide  at  the  half-power  points  in 
both  the  vertical  and  horizontal 
planes.  Therefore,  the  antenna 
searches  an  area  10  deg  in  elevation 
and  150  deg  in  azimuth  during  each 
cycle.  The  four-line  intercept  scan 
consists  of  four  horizontal  sweeps 
per  cycle,  each  separated  by  6  deg, 
and  consequently  an  area  24  deg  in 
elevation  by  150  deg  in  azimuth  is 
covered  during  each  scanning  cy¬ 
cle. 

The  search  scanning  is  performed 
at  the  rate  of  30  two-line  cycles 
per  minute  and  during  intercept 


operation  the  rate  is  30  four-line 
cycles  per  minute. 

Beacoa  Operation 

Besides  the  regular  radar  services 
of  locating  targets,  this  radar  will 
also  show  the  location  of  beacon 
transmitters  in  terms  of  range  and 
azimuth  with  respect  to  the  aircraft 
by  means  of  a  type-B  scan,  which 
employs  rectangular  coordinates. 
This  beacon  service  is  used  as  a 
navigational  aid  for  homing.  The 
beacon  transmitters  do  not  contin¬ 
uously  send  out  signals  which 
would  also  aid  the  enemy.  Instead, 
pulses  of  energy  are  radiated  when 
the  beacon  transmitter  is  triggered. 

When  beacon  information  is  de¬ 
sired,  a  switch  on  the  aircraft’s 
radar  control  box  is  moved  to  the 
beacon  position.  This  action  causes 
two  changes:  first,  the  duration  of 
the  radar’s  output  pulse  is  increased 
from  0.6  to  2.1  microseconds,  since 
pulses  of  this  length  are  required 
to  trigger  the  beacon  station;  sec¬ 
ond,  the  radar  receiver  circuit  is 
prepared  to  receive  the  beacon  fre¬ 
quency  of  9,310  me  by  connecting 
in  a  second  local  oscillator  which 
has  previously  been  tuned  to  receive 
at  the  beacon  frequency.  During 
the  same  operation  the  local  oscilla¬ 
tor  for  radar  is  disconnected. 

Any  X-band  beacon  transmitter 
within  range  of  the  aircraft  will 
receive  on  the  radar’s  frequency  of 
9,375  me.  The  length  of  the  radar’s 
pulse  being  correct  (2.1  microsec¬ 
onds),  the  beacon  station  will  trans¬ 
mit  a  series  of  pulses  on  its  fre- 


Carrier-Based  Planes 

Triple-purpose  X-band  radar  weighing  only  175  lb  serves  for  search  scanning  of  sea  and 
land  on  patrol  flights,  beacon  operation,  and  interception  of  enemy  planes.  Unique  double¬ 
dot  circuit  adds  tliird  dimension  to  type  B  rectangular-coordinate  scan  by  giving  elevation 


(A)  BEACON  (B)  SEARCH  (C)  INTERCEPT 


FIG.  1 — Examples  oi  indicator  displays.  Type-B  scon  is  employed,  with  slant  range 
to  target  shown  along  Tertical  axis.  Bearing  oi  target  with  respect  to  longitudinal 
fnri«  oi  airplane  is  shown  on  horisontal  scale.  Circuits  reqidred  are  more  compact 
than  ior  ppi.  With  practice  on  operator  can  interpret  the  displays  qmte  accurately 


I  quency  of  9,310  me,  with  a  par- 
I  ticular  time  interval  between  pulses 
to  identify  the  beacon  station. 

I  These  pulses  are  displayed  on  the 
t  radar’s  indicator,  making  available 
I  to  the  pilot  the  range  and  azimuth 
I  of  the  beacon  station  with  respect 
I  to  the  airplane  and  identifying  the 
station  so  that  it  may  be  located 
on  a  chart.  Patterns  for  two  char¬ 
acteristic  groupings  of  beacon 
j  pulses  are  shown  in  Fig.  lA,  along 
i  with  typical  indicator  patterns  for 
ground  search  (IB),  and  for  air¬ 
craft  interception  (IC). 

Operotion  of  Transmitter 

;  The  transmitter  consists  of  four 
circuits;  (1)  the  triggering  circuit, 
j  (2)  the  charging  network,  (3)  the 
discharge  circuit,  and  (4)  the  oscil- 
1  lator.  The  charging  network  is 
charged  to  a  high  potential,  then 
rapidly  discharged  through  the 
^  primary  of  a  pulse  transformer. 
['  The  secondary  of  this  transformer 
i  applies  a  large  negative  voltage  of 
j;  short  duration  to  the  cathode  of  a 
grounded-plate  oscillator.  The  oscil- 
^  lator,  a  magnetron,  vigorously  os¬ 
cillates  for  the  duration  of  this 
pulse  at  a  frequency  of  9,375  me, 
producing  a  powerful  burst  of  r-f 
energy.  The  triggering  circuit 


initiates  the  pulses  which  cause  the 
discharge  of  the  network. 

Referring  to  Fig.  2,  the  charging 
network  is  charged  from  the  2,400- 
volt  d-c  supply  through  a  charging 
choke,  a  diode,  and  a  pulse  trans¬ 
former.  Without  the  diode,  the  in¬ 
stantaneous  network  voltage  would 
follow  the  dotted  damped-sine-wave 
line  shown  in  the  resonance  charg¬ 
ing  curve,  since  the  network  ca¬ 
pacitance  is  being  charged  through 
an  inductance.  The  diode,  however, 
prevents  a  current  reversal.  Conse¬ 
quently,  the  network  voltage  is 
maintained  at  point  A,  the  first  peak 
of  this  charging  characteristic. 


Assuming  the  network  voltage  to  be 
zero  at  the  start,  the  2,400  volts  is 
applied  and  the  capacitors  are 
charged  to  4,000  volts. 

The  charging  network  is  an  arti¬ 
ficial  transmission  line  which  has 
the  same  electrical  characteristics 
as  a  long  transmission  line.  When 
a  network  of  this  type  is  discharged 
into  an  impedance  equal  to  its  char¬ 
acteristic  impedance,  a  single  flat- 
top  pulse  is  formed. 

The  load  impedance  formed  by 
the  magnetron  as  reflected  through 
the  pulse  transformer  equals  the 
network  characteristic  impedance. 
The  network  is  caused  to  discharge 
by  breaking  down  the  spark  dis¬ 
charge  tubes,  thus  forming  a  low 
impedance  to  ground.  These  type 
1B22  tubes  are  specially  con¬ 
structed  spark  gaps  sealed  within 
a  glass  envelope  containing  a  mix¬ 
ture  of  gases.  The  tubes  are  so  de¬ 
signed  that  when  a  potential  differ¬ 
ence  of  approximately  3,600  volts 
is  placed  across  their  terminals,  the 
enclosed  gas  ionizes  to  form  a  low- 
resistance  path. 

When  the  network  is  charged  to 
4,000  volts,  there  is  2,000  volts 
across  each  spark  gap  tube.  In 
order  to  discharge  the  circuit,  a 
sharp  negative  pulse  of  5,000  volts 
followed  by  a  positive  pulse  is  ap- 


with  a  charging  network  to  energize  the  magnetron 
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FIG.  3 — Bk)ck  diagram  oi  compUt*  APS4  radar  •ystem.  Two  indicators  are  used 

on  some  planes 


plied  to  the  junction  of  the  dis¬ 
charge  tubes.  The  negative  pulse 
causes  the  potential  difference 
across  the  upper  tube  to  rise 
rapidly.  This  tube  breaks  down.  As 
the  upper  tube  ionizes,  the  full  4,000 
volts  from  the  charging  network  is 
applied  across  the  lower  tube.  In 
like  manner,  this  tube  becomes  con¬ 
ducting  and  the  network  is  dis¬ 
charged  to  zero  voltage.  During  the 
discharge  process,  the  charging 
choke  prevents  the  building  up  of 
a  short-circuit  current  in  the  power 
supply. 

A  flat-top  pulse  is  developed 
across  the  primary  of  the  output 
pulse  transformer  as  the  network 
discharges.  The  duration  of  this 
pulse  is  dependent  on  the  electrical 
length  of  the  artiflcial  transmission 
line. 

P«lte-Ge«eratiag  Circuits 

Pulse  repetition  rate  is  controlled 
by  a  base  oscillator,  as  shown  by 
the  block  diagram  in  Fig.  3.  The 
pulse  obtained  from  this  oscillator, 
after  being  properly  formed  and 
amplified,  is  supplied  to  the  junction 
of  the  spark  discharge  tubes  to 
initiate  the  discharge  of  the  net¬ 
work  circuit. 

The  base  oscillator,  a  6J6,  is  con¬ 
nected  as  a  free-running  multi¬ 
vibrator,  the  grids  of  which  are 
returned  through  resistors  to  +150 
volts  rather  than  to  ground.  By 
returning  the  grids  to  B+  the  steep¬ 
ness  of  the  exponential  grid  voltage 
rise  is  increased.  The  voltage  rise 
being  steeper  as  the  cutoff  voltage 
of  the  tubes  is  approached  greatly 


improves  the  stability  of  this  type 
of  oscillator. 

During  search  operation  on  the  4, 
20  and  50-mile  ranges,  the  pulse 
recurs  at  a  repetition  rate  of  1,000 
pulses  per  second.  For  100-mile 
search,  the  pulse  rate  is  lowered  to 
600.  On  all  ranges,  during  beacon 
operation  the  rate  is  350  pulses  per 
second.  This  changing  of  pulse 
rates  is  accomplished  by  activating 
relays  which  in  turn  incorporate 
the  required  circuit  elements. 

The  pulse  rate  on  the  100-mile 
search  position  is  lowered  so  that 
an  echo  from  100  nautical  miles  can 
be  received  before  another  burst 
of  r-f  energy  is  sent  out.  The  round- 
trip  time  for  a  100-mile  echo  is 
1,236  microseconds.  However,  trig¬ 
gering  at  the  rate  of  1,000  pulses 
per  second  leaves  only  1,000  micro¬ 
seconds  between  pulses. 

The  beacon  rate  is  lowered  for  a 
different  reason.  During  beacon 
operation,  the  width  of  the  r-f  pulse 
is  increased  to  2.1  microseconds. 
If  the  pulsing  rate  were  continued 
at  1,000  the  average  amount  of  time 
the  magnetron  was  oscillating 
would  be  more  than  tripled.  This 
would  greatly  impair  the  tube’s  life 
expectancy.  Therefore,  in  order  to 
maintain  a  nearly  constant  duty 
cycle,  the  beacon  repetition  rate  is 
lowered  by  a  factor  of  three  from 
that  of  search  operation. 

A  positive  pulse  is  taken  from  the 
free-running  multivibrator.  After 
being  differentiated,  the  negative 
spike  obtained  from  the  trailing 
edge  is  used  to  trigger  a  start-stop 
multivibrator.  The  output  from  this 


circuit  is  a  positive  rectangular 
pulse  20  microseconds  wide  and 
has  an  amplitude  of  approximately 
40  volts.  Amplification  of  the  pulse 
is  obtained  in  a  6J6,  the  two  sections 
of  which  are  operated  in  parallel. 

The  output  of  the  6J6  amplifier  is 
inverted  and  further  stepped  up  to 
an  amplitude  of  120  volts  by  means 
of  a  pulse  transformer.  This  pulse 
is  then  applied  to  the  control  grid 
of  the  type  807  tube  in  the  final 
amplifier  (Fig.  2).  The  primary  of 
another  pulse  transformer  is  con¬ 
nected  in  the  plate  circuit  of  the 
807.  Due  to  the  transformer  in¬ 
ductance  and  capacitance,  transient 
pulses  such  as  the  one  marked  U, 
are  produced  in  the  final  amplifier 
plate  circuit.  In  the  secondary,  the 
pulse  is  inverted,  amplified,  and 
then  applied  through  the  50- 
micromicrofarad  capacitor  to  the 
junction  of  the  spark  discharge 
tubes  to  discharge  the  network.  At 
the  completion  of  the  discharge 
process,  the  discharge  tubes  de¬ 
ionize  and  again  become  an  open 
circuit,  and  the  network  recharges 
in  preparation  for  the  next  trigger 
pulse.  Timing  pulses  of  60  volts 
amplitude  for  synchronizing  other 
circuits  with  the  transmitted  pulse 
are  taken  across  a  one-ohm  resistor 
connected  between  the  lower  dis¬ 
charge  tube  and  ground. 

The  final  output  pulse  to  the 
magnetron  oscillator  is  as  shown 
(Fig.  2).  In  0.1  microsecond  the 
voltage  drops  to  —11,500  volts,  re¬ 
maining  there  for  0.6  (search)  or 
2.1  (beacon)  microseconds  before 
returning  to  zero.  The  magnetron 
is  a  Western  Electric  type  725A 
tube,  described  in  Electronics,  Jan. 
1946. 


R-F  Cirealts 


A  small  pickup  loop  within  the 
magnetron  cavity  couples  out  the 
r-f  energy  through  a  short  coaxial 
line.  A  coaxial  line  to  wave  guide 
transformer  radiates  into  a  wave 
guide  system  which  carries  the 
superhigh  frequencies  to  the  an¬ 
tenna.  There  is  one  rotating  joint 
in  the  wave  guide,  which  allows  the 
antenna  to  scan  in  the  horizontal 
plane.  The  wave  guide  remains 
fixed  in  the  vertical  plane;  tilting 
of  the  radiated  beam  is  obtained 
by  tilting  the  reflecting  paraboloid 
only. 
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The  same  antenna  is  used  for  both 
transmitting  and  receiving.  A  trans- 
mit-receive  box  prevents  the  trans¬ 
mitted  pulse  from  entering  the 
receiver  circuits  and  a  receive-trans- 
mit  box  prevents  the  reflected 
energy  (target  echo)  from  being 
lost  in  the  oscillator  cavity.  The 
boxes  and  all  other  components  of 
the  r-f  system  are  tuned  to  the 
search  frequency,  9,375  me.  Dur¬ 
ing  beacon  operation,  the  received 
signal  (9,310  me)  is  attenuated  8 
db  in  passing  through  the  wave 
guide  system,  due  to  the  selectivity 
of  the  r-f  circuits. 

When  a  reflected  signal  is  re¬ 
ceived  from  a  target,  the  energy 
passes  through  the  transmit-receive 
box  and  into  the  receiver  circuit. 
Here  the  signal  is  mixed  with  the 
local  oscillator  frequency  in  a  crys¬ 
tal  converter  from  which  is  obtained 
the  60-mc  intermediate  frequency. 

There  are  two  local  oscillators, 
both  using  type  723  A/B  velocity- 
modulated  tubes  (see  Electronics, 
April  1942).  One  of  these  tubes  is 
used  during  search  and  intercept 
operation  and  is  tuned  to  a  fre¬ 
quency  60  me  above  the  transmit¬ 
ter  frequency,  while  the  other  is 
used  for  beacon  operation  and  is 
tuned  to  a  frequency  60  me  below 
the  beacon  frequency.  When  one 
tube  is  being  used,  the  other  is 
blocked  by  putting  a  large  negative 
voltage  on  the  reflector. 

The  i-f  preamplifier  consists  of 
two  stages  using  6AK5  tubes  in  con¬ 
ventional  single-tuned  circuits.  The 
preamplifier  response  is  flat  within 
6  db  over  a  f  i  ^quency  range  of  4.8 
me  and  the  ga:  ’  of' the  two  stages  is 
36.8  db. 

The  i-f  amplifier  consists  of  five 
single-tuned  6AK5  stages.  The  in¬ 
put  to  each  stage  is  tuned  by  slug¬ 
tuning 'the  coils;  the  distributed 
capacitance  being  sufficient,  no 
tuning  capacitors  are  used.  The  i-f 
gain  is  controlled  by  varying  the 
plate  and  screen  voltages  of  the 
first  three  stages.  This  five-stage 
amplifier  has  a  gain  of  92.9  db  at 
full  gain  and  passes  a  band  4.7  me 
wide  at  points  6  db  below  maximum 
response.  The  detector,  also  a 
6AK5,  is  connected  as  a  cathode 
follower  so  that  its  video  output 
may  be  sent  to  the  video  amplifier 
through  a  coaxial  cable.  Being  op¬ 
erated  near  cutoff  in  the  absence  of 


signal,  a  positive  voltage  is  de¬ 
veloped  across  its  cathode  resistor 
when  a  pulse  is  received. 

The  output  from  the  i-f  preampli¬ 
fier,  besides  being  fed  to  the  i-f 
amplifier,  is  also  injected  into  the 
afe  circuit  which  controls  the  fre¬ 
quency  of  the  local  oscillator.  This 
afe  circuit  contains  an  i-f  amplifier, 
a  discriminator,  and  a  d-c  amplifier. 
A  shift  in  the  intermediate  fre¬ 
quency  from  60  me  causes  a  d-c 
voltage  to  be  developed  across  the 
discriminator  output.  The  polarity 
of  this  voltage  depends  on  the  di¬ 
rection  of  the  deviation  from  60  me 
and  the  amount  of  deviation  deter¬ 
mines  the  amplitude  of  the  voltage. 
This  voltage  is  applied  between  the 
grid  and  cathode  of  the  d-c  ampli¬ 
fier.  The  plate  of  the  amplifier  is 
connected  to  the  repeller  electrode 
of  the  search  local  oscillator.  A 
deviation  below  60  me  will  operate 
the  afe  system  in  such  a  way  that 
the  repeller  voltage  becomes  more 
negative,  thereby  increasing  the 
local  oscillator  frequency  and  in 
turn  the  intermediate  frequency. 
During  deviations  above  60  me,  the 
action  will  be  reversed. 

The  frequency  of  the  beacon  local 
oscillator  during  beacon  operation 
is  continuously  swept  over  a  narrow 
band.  This  is  done  so  that  signals 
can  be  received  from  all  X-band 
beacon  transmitters  which  are 
within  range  of  the  aircraft.  The 
sweeping  action  is  obtained  by  mod¬ 
ulating  the  beacon  local  oscillator’s 
repeller  voltage  with  a  sawtooth 
wave.  The  sawtooth  voltage  is  of 
sufficient  amplitude  to  sweep  the 
beacon  local  oscillator  through  a 


frequency  range  of  27  me  at  a  rate 
of  84  sweeps  per  second. 

Range  Sweep  Clrcnlf 

The  range  and  alarm  unit  con¬ 
tains  five  basic  circuits:  the  range 
or  vertical  sweep  generator,  range 
mark  generator,  video  amplifier, 
double-dot  circuit,  and  alarm  cir¬ 
cuit. 

The  range  sweep  circuit  is  shown 
in  Fig.  4.  A  positive  synchronizing 
pulse  is  obtained  from  the  modula¬ 
tor.  Differentiating  this  pulse  and 
removing  the  negative  portion  by 
means  of  the  6J6  clipper  results  in 
a  sharp  positive  spike  coincident 
with  the  leading  edge  of  the  sync 
pulse.  The  positive  spike  is  then 
used  to  trigger  the  start-stop  multi¬ 
vibrator. 

Consider  the  action  of  this  multi¬ 
vibrator  in  the  absence  of  a  trigger 
pulse.  The  grid  in  the  second  sec¬ 
tion  goes  positive  until  limited  by 
grid  current  through  the  2.7  meg¬ 
ohm  resistor.  The  resulting  plate 
current  raises  the  potential  of  the 
common  cathode.  The  potential  of 
the  cathode  increases  to  a  suffi¬ 
ciently  high  level  to  bias  off  the 
first  section  even  though  the  grid  of 
the  first  section  is  maintained  at  a 
positive  voltage. 

When  the  positive  trigger  is  ap¬ 
plied,  the  first  section  becomes  con¬ 
ducting  and  the  resulting  plate- 
cathode  voltage  drop  is  transferred 
to  the  grid  of  the  second  section  via 
the  coupling  capacitor.  In  this  way, 
the  second  section  becomes  non¬ 
conducting.  The  resultant  decrease 
of  its  plate  current  allows  tHe  first 
section  to  remain  in  conduction  even 
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Troiisinitter-rec0lTer  unit  with  coTers  remoTed.  Power  requirements  are  680  watts 
at  115  Tolts,  800  to  2.400  cps  a-c  and  57  watts  at  27  Tolts  d-c 
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after  the  passage  of  the  trigger 
pulse. 

The  first  section  will  continue  to 
conduct  until  sufficient  charge  leaks 
off  the  coupling  capacitor  between 
plate  and  grid  to  allow  the  second 
section  to  conduct  again.  At  this 
time  the  start-stop  multivibrator 
would  return  to  its  quiescent  state. 
Thus  a  series  of  positive  and  nega¬ 
tive  rectangular  pulses  is  generated, 
the  leading  edges  of  which  are  co¬ 
incident  with  the  leading  edge  of 
the  transmitted  pulse.  The  negative 
pulses  are  used  to  initiate  the  ac¬ 
tion  of  the  sweep  generator. 

Prior  to  the  negative  pulse,  the 
6AK5  sweep  tube  is  conducting. 
Applying  the  negative  pulse  to  the 
control  grid  cuts  off  the  plate  cur¬ 
rent  and  the  plate  potential  rises  as 
rapidly  as  the  sweep  capacitor  can 
charge  through  the  chosen  plate 
resistor.  The  range  switch  on  the 
control  box  allows  the  operator  to 
choose  the  sweep  duration  desired. 
In  the  control  grid  circuit  of  the 
sweep  generator,  the  220,000-ohm 
resistor  is  for  d-c  restoration,  insur¬ 
ing  that  the  sweep  will  start  from 
the  same  point  on  all  ranges.  The 
sweep  voltage,  before  being  sent  to 
the  indicator  amplifier  units  via  a 
coaxial  cable,  is  passed  through  a 
cathode  follower  circuit  to  obtain  a 
low  output  impedance. 

A  portion  of  the  cathode  follower 
output  is  also  fed  to  the  sweep¬ 
stopping  cathode  follower.  This 
6J6  shares  a  common  cathode  re¬ 
sistor  with  the  start-stop  multivi¬ 
brator..  Consequently,  as  the  plate 
current  of  the  sweep-stopping  tube 
increases,  the  potential  at  the  cath¬ 
ode  of  the  multivibrator  rises.  Even¬ 
tually  a  tripping  point  is  reached 
and  the  start-stop  multivibrator  is 


prematurely  returned  to  its  quies¬ 
cent  state.  The  time  of  the  tripping 
action  is  adjusted  by  the  sweep 
length  control  so  that  the  sweep 
continues  only  for  the  required  time 
interval  and  is  then  cut  off. 

Rang*  Mark  Circuit 

Two  sets  of  range  marks  can  be 
generated  by  the  range  mark  circuit. 
Pips  at  intervals  of  one  mile  are 
produced  for 'use  on  the  four-mile 
sweep.  On  the  other  three  ranges 
the  markers  are  spaced  at  ten-mile 
intervals.  The  range  marks  to  be 
developed  are  determined  by  the 
setting  of  the  range  switch. 

A  negative  pulse  from  the  range 
sweep  circuit  is  used  to  shock- 
excite  oscillations  in  the  range 
marker  circuit.  The  sinusoidal  wave 
obtained  is  used  to  overdrive  an  am¬ 
plifier,  resulting  in  a  somewhat 
square  wave  which  is  then  differen¬ 
tiated.  The  resultant  positive  and 
negative  pips  are  applied  to  the 
control  grid  of  a  second  amplifier 
which  is  biased  below  cutoff.  The 
output  is  a  series  of  sharp  negative 
pulses  separated  in  time  by  one-  or 
ten-mile  intervals.  These  range 
marks,  if  left  on  at  all  times,  would 
draw  a  set  of  horizontal  lines  on  the 
indicator  screen.  Since  it  would  be 
feasible  to  lose  a  weak  echo  pulse 
within  a  range  mark  line,  the  range 
mark  circuit  is  made  operative  only 
when  the  antenna  is  at  its  extreme 
right-hand  position.  Thus  the  range 
marks  as  viewed  on  the  indicator 
take  the  form  of  a  set  of  dots  in  a 
vertical  column  on  the  right  side  of 
the  indicator  screen  (Fig.  1). 

Video  Amplifier 

The  video  echo  signals  are  mixed 
with  the  range  mark  pips  in  the 


plate  circuit  of  the  amplifier  shown 
in  Fig.  5.  Together  the  range  marks 
and  the  amplified  video  signals  are 
applied  as  negative  pulses  to  the 
grid  of  the  limiter,  which  is  op¬ 
erated  at  zero  bias  so  that  a  pulse 
having  an  amplitude  of  approxi¬ 
mately  7  volts  will  cut  off  the  tube. 
When  applied  to  the  limiter  control 
grid,  pulses  with  larger  negative 
amplitudes  will  therefore  give  the 
same  output  voltage  as  a  7-volt 
pulse,  to  show  weak  signals  on  the 
screen  without  obtaining  spots  of 
too  great  intensity  due  to  the  strong 
signals.  The  next  two  triode  sec¬ 
tions  comprise  the  pedestal  gen¬ 
erator  or  unblanking  pulse  gen¬ 
erator.  Since  the  indicator  tube  is 
operated  below  cutoff  to  blank  out 
the  return  or  flyback  trace,  it  is 
necessary  to  supply  an  unblanking 
pulse.  The  video  signals  are  eleva¬ 
ted  on  a  pedestal  developed  by  sup¬ 
plying  a  negative  pulse  from  the 
range  sweep  start-stop  multivibra¬ 
tor  to  the  grids  of  the  pedestal  gen¬ 
erator  tubes.  Thus  these  tubes  are 
driven  to  cutoff,  and  since  they 
share  a  common  plate  resistance 
with  the  limiter,  the  plate  potential 
of  the  limiter  Is  increased  during 
the  range  sweep. 

The  output  of  the  cathode  fol¬ 
lower  is  a  positive  signal  containing 
the  transmitted  pulse  T,  range 
marks  R,  and  echoes  such  as  E  all 
riding  on  top  of  the  pedestal,  as 
shown  on  the  waveform  presenta¬ 
tion.  In  the  indicator  unit  these 
signals  are  amplified  by  the  push- 
pull  amplifier  and  then  applied  in 
opposite  phasing  to  the  control  grid 
and  cathode  of  the  indicator  tube. 

Donble-Dot  Circuit 

The  double-dot  circuit  which 
functions  during  intercept  opera¬ 
tion  to  give  the  elevation  of  the 
target  with  respect  to  the  intercept¬ 
ing  aircraft  is  shown  in  Fig.  6.  The 
search  intercept  relay  is  energized 
during  intercepting  operation  and 
the  circuit  is  as  shown.  The  func¬ 
tion  is  controlled  by  a  multivibrator 
having  two  modes  of  operation.  In 
one  state,  the  first  half  of  the  twin 
triode  will  be  vigorously  conducting 
and  the  second  half  will  be  biased 
off.  During  the  next  state,  the  re¬ 
verse  will  be  true.  Consequently, 
the  voltage  wave  forms  at  the  plates 
of  this  multivibrator  will  be  rec- 


104 


October,  1946  — ELECTRONICS 


tion  by  first  stopping  the  antenna 
in  such  a  position  that  the  radiated 
beam  is  parallel  to  the  transverse 
axis  of  the  aircraft.  The  zero  tilt 
adjustment  is  then  set  so  the  left 
and  right  traces  on  the  indicator 
screen  start  from  the  same  level. 
In  other  words,  at  zero  tilt  the 
cathode  voltage  of  the  cathode  fol¬ 
lower  is  the  same  when  either  sec¬ 
tion  is  in  control.  At  all  other  tilt 
positions  this  voltage  changes  as 
the  control  shifts  from  one  section 
to  the  other. 

On  the  indicator  screen  during 
intercept  operation  (Fig.  1C),  the 
left-hand  dot  gives  the  true  range 
and  bearing  of  the  target  just  as  in 
search  and  beacon  operation.  The 
right-hand  dot,  i  inch  away,  in¬ 
dicates  (in  the  case  shown)  that 

The  position  of  the  azimuth  po¬ 
tentiometer  is  controlled  by  the 
horizontal  position  of  the  antenna. 

The  output  of  this  potentiometer 
during  search  operation  is  a  slowly 
varying  voltage  that  increases  as 
the  antenna  swings  in  one  direction 
and  decreases  as  the  antenna  re¬ 
turns.  During  intercept  operation, 
the  rectangular  voltage  wave  at  the 
plate  of  the  multivibrator’s  first  sec¬ 
tion  is  superimposed  on  this  slowly 
varying  voltage.  The  resultant  out¬ 
put  to  the  horizontal  plates  of  the 
indicator  tube  is  as  shown.  Thus 
each  alternate  range  sweep  is  off¬ 
set  to  the  right. 

To  obtain  the  necessary  change  in 
the  starting  point  of  the  range 
sweep,  the  output  from  both  plates 
of  the  multivibrator  is  applied  to 
the  control  grids  of  the  cathode 
follower.  The  circuit  constants  of  the  target  is  above  the  flight  line, 
the  cathode  follower  are  so  chosen  of  the  aircraft, 
that  first  one  grid  and  then  the  other 
controls  the  cathode  current.  This 
shifting  of  control  depends  on  the 
outputs  from  the  multivibrator  and 
consequently  is  in  synchronism  with 
the  horizontal  displacement  of  the 
range  sweep. 

The  control  voltage  for  the  first 
section  is  obtained  from  the  tilt 
potentiometer  which  is  located  on 
the  antenna.  As  the  antenna  re¬ 
flector  nods  during  the  four-line 
scanning  cycle,  the  position  of  the 
potentiometer’s  rotor  is  changed. 

The  grid  voltage  for  the  second 
section  of  the  cathode  follower  is 
controlled  by  the  zero-degree  tilt  ad¬ 
justment.  The  cathode  follower  cir¬ 
cuit  is  adjusted  for  proper  opera- 
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tangular  and  will  be  in  phase  oppo¬ 
sition.  It  is  these  voltages  that  cause 
each  alternate  sweep  trace  to  be 
displaced  to  the  right  and  raised  or 
lowered  according  to  the  antenna 
position. 

The  trigger  pulse  which  is  ob¬ 
tained  from  the  range  sweep  start- 
stop  multivibrator  is  a  positive 
square  wave.  Differentiating  the 
pulse  and  clipping  the  positive 
spike  results  in  a  sharp  negative 
trigger  coincident  with  the  end  of 
the  range  sweep.  This  trigger,  oc¬ 
curring  at  time  fi,  is  used  so  that 
the  operation  of  the  double  dot 
circuit  can  become  stable  before  the 
start  of  the  next  sweep. 

Just  prior  to  the  trigger  pulse, 
assume  that  the  first  section  of  the 
multivibrator  is  conducting.  The 
resultant  cathode  voltage  biases  the 
second  section  off.  When  the  nega¬ 
tive  spike  arrives  at  the  grid  of  the 
first  section,  that  side  is  cut  off. 
The  plate  voltage  increases  and  the 
increase  is  transferred  to  the  grid 
of  the  second  section,  where  it  over¬ 
comes  the  incoming  negative  pulse. 
The  second  section  goes  into  con¬ 
duction.  Its  plate  potential  abruptly 
drops  and  this  drop  is  transferred 
back  to  the  first  section’s  grid. 

The  next  trigger  pulse,  when  re¬ 
ceived  from  the  range  circuit, 
causes  a  like  sequence  of  events  to 
take  place  on  the  opposite  section 
and  the  multivibrator  is  returned 
to  the  state  originally  assumed.  The 
voltage  wave  at  the  multivibrator 
plates  has  a  repetition  frequency 
equal  to  half  the  radar’s  repetition 
rate. 
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Alarm  Circuit 

At  one  time  an  alarm  was  used: 
with  this  radar  to  attract  attention 
when  echoes  were  received.  A  red 
light  on  the  control  box  was  auto-, 
matically  turned  on  whenever  target 
echoes  were  received. 

The  solenoid  coil  of  a  relay  w'as. 
•connected  in  the  plate  circuit  of  a 
separate  video  amplifier.  When 
echoes  were  received,  the  video, 
pulses  caused  an  increase  in  ampli¬ 
fier  plate  current.  This  activated 
the  relay  and  the  closed  contact 
turned  on  the  warning  light.  In 
actual  operation,  the  alarm  circuit 
was  found  unnecessary  and  has  been 
eliminated. 


ELECTRONICS  — Ocfefcer.  1946 


' 

r 

rn 

1 

f 

— i  ■■  ^ 

r^PCDESTAL  GEN^ 

VIOEO*^ 

UJ 

J  . 

Q 

ol 

inf 

s 

220  Vp 

8 

in 

-> 

i 

c  r2MEG 

TRIGGER 

*  T 

FROM 

SWEEP 

WNN] 

ir  O 

20QV 


esLfn 

44p00 


25,000 


October,  fJ/'i  — ELECTRONICS 


Combining  a  cathode  follower  with  a  gas  diode  gives  a  stable  and  efficient  coupling  net¬ 
work.  Evolution  and  operation  of  the  circuit  are  explained 


PROBLEMS  of  supplying  operat¬ 
ing  potentials  to  direct-current 
amplifier  stages  connected  in  cas¬ 
cade  are  bothersome.  Each  addi¬ 
tional  stage  of  amplification  re¬ 
quires  extra  potential  from  the 
power  supply  and  frequently  causes 
trouble  with  insulation  and  voltage 
drift.  Negative  feedback  is  helpful 
in  reducing  drift  but  the  difficulties 
of  cascading  direct-current  ampli¬ 
fiers  usually  require  the  designer  to 
minimize  the  total  number  of 
stages. 

Figure  1  illustrates  several  meth¬ 
ods  of  coupling.  The  circuit  at  Fig. 
lA  introduces  no  loss  in  transfer¬ 
ring  the  signal  from  the  plate  of 
the  first  stage  to  the  grid  of  the 
following  stage,  although  it  is  very 
susceptible  to  drift  introduced 
through  supply  voltages.  The  cir¬ 
cuit  at  Fig.  IB  uses  a  glow  tube  or 
neon  lamp  as  a  coupling  element. 
Choice  of  the  value  of  R,  in  this 
circuit  is  a  compromise;  ordinarily 
R,  should  be  smaller  than  the  d-c 
resistance  (Rn)  of  the  gas  tube  and 
larger  than  its  a-c  resistance  (r^) 
so  that  a  smaller  percent  of  the  d-c 
voltage  present  on  the  plate  of  the 
first  tube  will  be  coupled  to  the 
grid  of  the  second  tube  than  the 
percent  of  a-c  voltage  that  is  so 
coupled.  In  addition,  direct  current 
flowing  through  the  gas  tube  is  lim¬ 
ited  by  its  rating  and  by  the  voltage 
drop  caused  in  the  plate  load  re¬ 
sistor  of  the  first  stage.  As  a  result 
of  these  limitations  on  the  design, 
Rg  must  sometimes  be  chosen  in 
such  a  way  that  substantial  cou¬ 
pling  loss  occurs.  The  VR  type  of 
tube  with  rated  average  current  is 
ordinarily  not  considered  for  this 
application  because  its  d-c  resist- 
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FIG.  1 — Conmtional  d*c  amplifier  circuit  and  two  methods  of  using  gas  tubes  for 
coupling  between  stages.  Typical  Tolues  for  the  networks  are  giTen 


ance  is  of  the  same  order  of  magni¬ 
tude  as  the  plate  load  resistors 
which  may  be  desired. 

Improved  Coeplie9  Circeit 

The  circuit  illustrated  in  Fig.  1C 
suffers  from  none  of  these  disad¬ 
vantages.  An  additional  tube  is 
used  as  cathode  follower  with  its 
cathode  impedance  composed  of  the 
VR  tube  and  resistor  R,.  With  this 
arrangement  there  is  no  d-c  load  on 
the  first  amplifier  and  the  input 
impedance  of  the  cathode  follower 
is  so  high  that  it  does  not  affect  the 
gain  of  the  first  stage.  Most  of  the 
d-c  voltage  drop  in  the  cathode  cir¬ 
cuit  of  the  follower  stage  occurs 
across  the  VR  tube  while  almost  all 
of  the  signal  drop  appears  across 
R,.  Because  the  current  through 
the  VR  tube  flows  in  a  path  sep¬ 
arate  from  the  d-c  plate  current  of 
the  first  stage,  the  design  of  the 
first  stage  is  independent  of  the 


d-c  resistance  of  the  VR  tube.  The 
only  requirement  is  that  R,  must  be 
much  larger  than  the  dynamic  im 
pedance  of  the  VR  tube.  Coupling 
loss  of  signal  voltage  from  the  first 
amplifier  plate  to  the  second  ampli 
fier  grid  is  only  slightly  greater 
than  the  ordinary  cathode-follower 
loss.  Figure  1C  also  shows  how  a 
negative  feed-back  resistor  (R») 
can  be  inserted  in  the  cathode  of 
the  second  amplifier  to  increase 
stability. 

The  gas  tube  coupling  should 
only  be  applied  in  circuits  where 
the  signal  level  is  high  enough  so 
that  noise  from  the  gas  discharge 
will  be  negligible.  A  conservative 
figure  is  to  keep  the  total  signal 
change  more  than  50  mv.  Maximum 
signal  change  allowable  across  the 
VR  tube  is  a  function  of  current 
and,  to  a  slight  degree,  frequency. 
For  design  purposes  the  change  of 
voltage  across  the  VR  tube  should 
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be  held  to  less  than  0.5  volt.  When 
neon  tubes  are  used,  the  maximum 
allowable  signal  voltage  drop  across 
them  is  approximately  one  or  two 
volts,  depending  on  the  type  of  tube 
and  the  d-c  operating  current.  This 
limit  must  be  observed  because  the 
signal  current  variations  through 
the  glow  tube  may  be  sufficient  to 
drive  it  to  the  point  of  extinction 
on  negative  signal  current  peaks  or 
to  overload  it  on  positive  signal 
currents.  Distortion  of  the  wave¬ 
form  occurs  as  a  result  of  either  of 
these  conditions. 

Impedaaces  of  Gas  Tabes 

Magnitude  and  phase  angle  of 
impedance  were  measured  for  the 
four  VR  types,  VR75,  VR90,  VR105, 
and  VR150,  and  for  two  common 
neon  tubes,  rated  at  1/25  watt  and 
k  watt.  The  frequency  range  was 
from  20  cycles  to  20  kc.  The  data 
show  that  impedance  does  not  vary 
much  at  the  lowest  frequencies,  and 
tests  confirm  the  fact  that  the  mag¬ 
nitude  of  the  impedance  given  on 
the  curves  for  a  frequency  of  20 
cycles  is  very  close  to  the  value  at 
frequencies  from  zero  up  to  20 
cycles. 

The  results  in  all  cases  indicate 
(1)  that  there  is  a  steady  increase 
of  the  ohmic  impedance  with  in¬ 
creased  frequency;  (2)  the  phase 
angles  are  always  inductive,  that  is, 
the  current  lags  the  voltage  by  an 
angle  between  zero  and  180  degrees 
(angles  greater  than  90  degrees  in¬ 
dicate  negative  resistance) ;  (3) 
for  a  given  tube  operated  within 
ratings,  the  impedance  is  reduced 
by  increasing  the  average  current. 

Figure  2  illustrates  the  approxi¬ 
mate  values  of  impedances  and 
phase  angles  to  be  expected  from 
typical  gas  tubes.  All  the  tubes 
tested  were  made  by  leading  manu¬ 
facturers  and  were  in  good  condi¬ 
tion.  However,  impedances  differed 
by  as  much  as  20  or  30  percent 
when  other  tubes  of  the  same  type 


FIG.  3 — Circuit  oi  direct-coupled  ampliiier 
for  on  oscilloscope.  The  noTel  coupling 
system  provides  a  response  flat  within  one 
db  to  ten  kilocycles 


and  manufacturer  were  substi¬ 
tuted.  Consequently,  the  curves 
should  only  be  construed  as  approx¬ 
imate,  and  exact  values  from  them 
cannot  be  relied  on.  This  is  no  seri¬ 
ous  disadvantage,  because  the  cir¬ 
cuits  in  which  they  are  applied  do 
not  require  exact  ohmic  values,  a 
20  percent  change  in  gas  tube  im¬ 
pedance  producing  about  one  per¬ 
cent  change  in  grid  voltage. 

Bypass  capacitors  should  be  con¬ 
nected  across  the  gas  tubes  if  the 
rise  of  impedance  at  high  frequency 
causes  difficulty.  The  graph  of 
phase  angle,  which  is  also  approxi¬ 
mate,  was  drawn  by  averaging  the 
data  on  each  tube  for  the  three 
operating  currents  10,  20,  and  30 
ma.  There  is  no  significant  change 
in  phase  as  a  function  of  average 
current  except  for  subnormal  aver¬ 
age  currents,  which  produce  nega¬ 
tive  resistances  at  low  audio  fre¬ 
quencies. 

An  application  of  gas  tubes  is 
illustrated  in  the  circuit  of  Fig.  3, 
which  is  a  direct-coupled  amplifier 
for  use  in  feeding  a  pair  of  deflec¬ 
tion  plates  in  an  oscilloscope.  It  has 
a  gain  of  about  400  and  is  fiat 
within  1  db  to  10  kilocycles. 
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UNTIL  RECENTLY  there  have  been 
two  systems  of  generating 
frequency  modulated  carriers:  the 
phase-modulation  system,  which 
combines  the  side  bands  of  an  am¬ 
plitude-modulated  signal  with  a 
carrier  shifted  90  degrees  in  phase ; 
and  a  reactance-tube  frequency- 
modulated  oscillator. 

The  first  system  has  the  advan¬ 
tage  of  crystal  control  but  requires 
considerable  frequency  multiplica¬ 
tion  because  of  small  phase-angle 
excursions.  The  second  system  pro¬ 
vides  wide  frequency  swing  but 
requires  an  auxiliary  means  to  hold 
crystal-control  tolerances  on  the 
center  frequency.  As  a  result,  a 


thorough  investigation  has  been 
made  of  a  new  modulation  scheme 
proposed  by  Robert  Adler  of  the 
Zenith  Radio  Corporation. 

A  block  diagram  of  the  exciting 
unit  is  shown  in  Fig.  1.  The  carrier 
frequency  is  generated  by  a  crystal 
oscillating  in  the  region  of  230  kilo¬ 
cycles  and,  after  one  stage  of 
amplification,  is  used  to  drive  a 
phase-splitting  network  to  provide 
three-phase  voltages  for  the  input 
deflector  grids  of  a  “Phasitron” 
tube.  A  diagram  of  the  tube  struc¬ 
ture  is  shown  in  Fig.  2.  Anodes 
1  and  2  are  at  positive  d-c  potential 
and'  draw  electrons  from  the  ca¬ 
thode  radially  in  the  form  of  a 


tapered  thin-edged  disk  as  dictated 
by  the  first  and  second  focusing 
electrodes.  This  electron  disk  with 
the  cathode  as  its  axis  passes  be¬ 
tween  a  neutral  plane  and  a  three- 
phase  deflector-grid  assembly.  The 
deflector-grid  assembly  consists  of 
36  separate  wires  with  every  third 
wire  connected  together,  forming 
three  groups  of  twelve.  The  three- 
phase  voltages  are  applied  to  these 
deflectors,  which,  in  turn,  provide 
a  rotating  electrostatic  field  be¬ 
tween  the  deflectors  and  the  neu¬ 
tral  plane,  and  warp  the  electron 
wheel  into  a  ruffled  electron  disk 
as  shown  in  Fig.  3. 

The  sinusoidal  ruffle  at  the  edge 
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of  the  electron  disks  falls  upon 
anode  1,  which  is  perforated  in  a 
half-cycle  arrangement  to  match 
the  edge  of  the  disk.  As  the  disk 
rotates,  the  sinusoidal  edge  succes¬ 
sively  passes  through  the  perfora¬ 
tions,  or  is  collected  by  the  metallic 
barriers  separating  them.  A  push- 
pull  tuned  circuit  placed  between 
these  two  anodes  (Fig.  2)  is  driven 
by  the  alternate  collection  of  elec¬ 
trons  by  the  two  anodes,  and  sup¬ 
plies  voltages  at  the  crystal  fre¬ 
quency  for  driving  subsequent 
doublers  and  triplers  to  raise  the 
frequency  to  that  of  the  radiated 
carrier. 

The  second  focus  electrode,  in 
addition  to  having  an  electrostatic 
influence  upon  the  beam,  is  made 
of  magnetic  material  and  acts  as  a 
magnetic  concentrator  to  conflne 
the  flux  produced  by  the  audio 
modulating  coil  to  a  narrow  region 
at  the  edge  of  the  deflector  grid. 

Phase-Shift  Action 

tbe  action  of  this  magnetic  fleld 
is  to  bend  the  electron  stream  as 
shown  in  Fig.  4,  advancing  or  re¬ 
tarding  the  phase  of  the  sinusoidal 
ruffled  edge  with  respect  to  the 
perforated  anode,  and  introducing 
a  corresponding  phase  shift  in  the 
tuned  circuit. 
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chanical  assembly.  The  sensitivity 
to  positioning  was  overcome  by 
changing  the  design  to  that  of  a 
single  deflector  assembly  working 
against  a  neutral  plane  as  described 
above.  This  arrangement  requires 
only  one  deflection  assembly  and 
eliminates  all  rotational  alignment 
requirements.  In  addition,  a  con¬ 
trol  is  provided  to  center  the  ruffled 
electron  disk  on  the  axis  of  the 
perforated  anode. 

A  suppressor  grid  between  the 
first  and  second  anodes,  used  in 
early  samples,  has  been  omitted  for 
simplicity.  It  is,  therefore,  neces¬ 
sary  to  maintain  the  two  anodes  at 
a  potential  difference  of  approxi¬ 
mately  45  volts  in  order  to  prevent 
emission  of  secondary  electrons 
from  reducing  the  output  current. 
Placing  the  electrode  assembly  in  a 
single-ended  bulb  has  required  con¬ 
siderable  shielding  between  the 
three-phase  driving  electrodes  and 
the  two  anodes.  The  transfer  of 
unbalanced  three-phase  voltages  to 
the  anode  circuit  has  the  effect  of 
adding  a  constant  r-f  component  of 
frequency  to  the  phase-shifting 
component  and  results  in  a  dis¬ 
torted  audio  wave.  This  distortion 
can  be  eliminated  by  neutralization, 
but  varies  from  tube  to  tube  and 


Early  modulator  tubes  were  con¬ 
structed  with  a  double-ended  elec¬ 
trode  assembly  consisting  of  two 
sets  of  three-phase  deflecting  wires 
placed  in  opposition .  around  a  cen¬ 
tral  cathode.  All  the  electrodes 
except  the  deflecting  wires  were  of 
such  a  design  as  to  be  easily  incor¬ 
porated  in  a  standard  receiving 
tube  assembly.  The  double-ended 
deflector  assemblies  gave  difficulty 
because  of  the  complicated  mechan¬ 
ical  construction  and  the  critical 
positioning  of  the  two  assemblies 
with  respect  to  each  other. 

A  ceramic  core  with  slots  to  hold 
the  deflecting  wires  simplified  me- 
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1 — Block  diaaram  showing  the  use  of  the  phasitron  tube  in  an  f-m  transmitter 
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is  collected  at  perforated  anode  No.  1 

was  not  sufficiently  diminished  un¬ 
til  the  capacitance  between  the 
three-phase  electrodes  and  the  out¬ 
put  circuit  had  been  reduced  to  0.08 
micromicrofarads. 

Magnetic  Focns  Electrodes 

The  electrode  assembly  is 
mounted  with  the  three-phase  de¬ 
flector  grid  located  at  the  bottom 
to  keep  the  input  leads  as  short 
as  possible.  In  addition,  the  stem 
arrangement  is  oriented  to  place 
the  first  and  second  anode  leads 
diametrically  opposite  the  three- 
phase  input  leads  so  that  interven¬ 
ing  shielding  can  reduce  the 
coupling  to  a  minimum.  The  flared 
cone-shaped  second  focus  electrodes 
are  made  of  siliconnicaloi  to  pro¬ 
vide  low  hysteresis  loss.  The  con¬ 
centration  provided  by  these  elec¬ 
trodes  improves  the  magnetic 
sensitivity  by  a  factor  of  three  over 
that  which  could  be  obtained  by  ac¬ 
tion  directly  on  the  electron  stream. 

There  are  three  radial  slots  cut 
in  each  plate  to  provide  clearance 
for  the  anode  ears  and  to  reduce 
the  eddy  current  loss  at  high  fre¬ 
quencies.  The  anodes  are  made 
from  nonmagnetic  material  to 
prevent  a  magnetic  short-circuit 
between  the  two  second-focus  elec¬ 
trodes.  The  neutral  plane  is 
mounted  in  the  upper  half  of  the 
tube  directly  opposite  the  three- 
phase  deflector  assembly.  The 
cathode  assembly  is  a  standard  6J5 
element  coated  for  a  quarter  of  an 
inch.  The  active  part  of  the  elec¬ 
tron  stream  is  limited  by  the  edges 
of  the  first  focus  electrodes. 

The  bulb  length  is  made  longer 
than  the  electrode  assembly  would 


FIG.  4 — Position  of  the  oloctron  disk  for 
maximum  current  collected  at  anode  No.  1 
os  a  result  of  modulation  by  the  magnetic 
coil 

normally  require,  to  act  as  a  handle 
for  removing  the  tube  from  a  per¬ 
manently  mounted  modulating  coil. 
The  normal  frequency  at  which  the 
tube  operates  in  an  f-m  broadcast 
transmitter  is  between  200  and  250 
kilocycles.  Operation  at  60  cycles 
is  quite  satisfactory  and  provides 
a  possibility  of  new  phase  control 
systems  for  power  frequency  equip¬ 
ment. 

Figure  5  shows  a  plot  of  phase 
shift  vs  gauss.  The  sensitivity  of 
the  tube  to  magnetic  deflection  is 
high  and  is  sufficient  to  give  a  phase 
shift  of  approximately  one  radian 
per  each  2.7  gauss  change  in  field. 
The  curve  indicates  a  high  degree 
of  linearity  over  a  plus  or  minus 
360-degree  range,  with  increasing 
sensitivity  for  further  excursions. 

The  d-c  potentials  associated 
with  the  first  and  second  focus,  the 
three-phase  deflectors,  and  the 
neutral  plane  must  be  adjusted  for 
minimum  signal  distortion.  The 
only  test  that  can  be  performed  to 
insure  the  required  limits  is  an 
actual  operation  test  in  an  f-m 
transmitter,  with  subsequent  meas¬ 
urement  in  a  low-distortion  detec¬ 
tor.  The  radio-frequency  driving 
voltages  should  be  in  excess  of  35 
rms  volts,  measured  from  phase  to 
neutral. 

The  audio  driving  power  is  de¬ 
pendent  to  some  extent  upon  the 
design  of  the  modulating  coil,  with 
respect  to  the  number  of  turns  and 
the  resistance  of  the  wire.  In  gen¬ 
eral,  the  audio  power  required  to 
modulate  the  tube*  to  full  swing  is 
less  than  twenty  milliwatts,  per¬ 
mitting  the  use  of  a  low-powered 
audio-driving  circuit. 


The  performance  of  f-m  broad¬ 
cast  transmitters  is  based  primarily 
on  the  requirements  of  the  Fed¬ 
eral  Communications  Commission, 
which  specifies  overall  transmitter 
system  performance  from  micro¬ 
phone  input  terminals  to  antenna 
output.  The  performance  specifica¬ 
tions  for  the  transmitter  to  be 
described  have  been  set  up  so  as 
to  be  well  within  the  limits  allowed 
by  the  Commission. 

These  requirements  are  most 
severe  in  two  particular  instances. 
The  carrier  frequency  stability 
required  at  108  megacycles  is 
0.00185  percent,  which  is  as  good 
as  that  required  of  a  standard  a-m 
broadcast  transmitter  operating  at 
1,080  kc.  In  addition,  the  harmonic 
distortion  in  ihe  middle  frequency 
range  from  100  to  7,500  cycles  must 
not  exceed  2.5  percent. 

TroMMittar  Developmaat 

A  phase  modulation  system  in 
which  the  carrier  frequency  is  de¬ 
rived  directly  from  a  crystal-con- 
trolled  oscillator  is  ideal  for 
satisfying  the  carrier  frequency 
stability  requirement.  Further¬ 
more,  in  a  phase  modulator,  the 
harmonic  distortion  is  a  function 
of  the  phase  swing  employed,  and 
since,  for  a  constant  frequency 
swing  (corresponding  to  modula¬ 
tion  percentage),  the  phase  swing 
is  inversely  proportional  to  the 
modulating  frequency,  a  phase 
modulator  will  have  inherently  low 
harmonic  distortion  in  the  middle 
audio  frequency  range. 

The  chief  drawback  to  phase 
modulators  in  the  past  has  been  the 
large  amount  of  frequency-multi¬ 
plication  required,  resulting  in  a 
large  number  of  tubes  and  circuits. 
The  multiplication  required  is  in¬ 
versely  proportional  to  the  maxi¬ 
mum  phase  swing  that  can  be 
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employed  in  the  modulator  without 
exceeding  the  permissible  value  of 
harmonic  distortion.  The  relation¬ 
ship  of  the  factors  is  multiplica¬ 
tion  = 

carrier  swing 

audio  frequency  x  phase  swing 

For  plus  or  minus  76  kc  swing  of 
the  carrier,  at  a  modulation  fre¬ 
quency  of  50  cycles,  an  angular 
swing  of  75,000/50  or  1,500  radians 
is  required.  If  a  total  multiplica¬ 
tion  M  is  used  between  the  modu¬ 
lator  and  the  output  of  the  trans¬ 
mitter,  the  modulator  must  be 
capable  of  operating  through  an 
angle  of  plus  or  minus  1,500/M 
radians  within  the  permissible  dis¬ 
tortion  limits.  This  immediately 
shows  the  advantage  of  the  Phasi- 
tron  tube,  with  which  it  is  possible 
to  use  a  phase  swing  of  plus  or 
minus  3.5  radians  without  exceed¬ 
ing  1.5  percent  distortion.  It  is  seen 
that  a  multiplication  of  as  little  as 
428  is  sufficient,  compared  with 
7,000  required  with  previous  types 
of  phase  modulators,  for  compar¬ 
able  performance. 

A  multiplication  of  432  can  be 
obtained  by  the  use  of  three  triplers 
and  four  doublers.  Furthermore, 
this  multiplication,  when  used  for 
the  carrier  frequency  range  from 
88  to  108  megacycles,  results  in  a 
frequency  range  for  the  modulator 
from  203  to  250  kc.  This  condition 
is  satisfactory  both  from  the  point 
of  view  of  the  design  of  circuits 
and  of  high-stability  crystals.  It 


will  be  observed  that  no  heterodyne 
process  is  necessary,  thus  avoiding 
the  use  of  more  than  one  crystal. 

Modulator  Circuit  Operation 

The  operation  of  the  actual 
modulator  circuit  is  shown  in  the 
simplified  schematic  diagram  of 
Fig.  6.  The  crystal  is  connected 
in  a  form  of  a  Colpitts  oscillator 
circuit  with  electron-coupled  out¬ 
put,  that  requires  no  tuned  circuits 
other  than  the  crystal  itself.  The 
crystal  is  the  plated  type,  enclosed 
in  a  sealed  cell  with  self-contained 
thermostatic  control  to  hold  it  at 
an  operating  temperature  of  60  C. 
The  small  mass  of  the  crystal  cell 
facilitates  quick  heating,  enabling 
the  transmitter  to  be  within  the 
frequency  tolerance  in  less  than  two 
minutes,  starting  from  room 
temperature. 

The  crystal  oscillator  is  followed 
by  a  buffer  amplifier  that  drives  a 
phase-splitting  circuit  to  develop 
the  three-phase  voltages  for  the  de¬ 
flector  elements  of  the  Phasitron 
modulator  tube.  A  vector  diagram 
showing  the  principle  of  operation 
of  this  phase  splitter  is  shown  in 
Fig.  7.  It  functions  essentially  as  a 
single-phase  to  two-phase  conver¬ 
sion  accomplished  by  the  capacitor 
Cs  and  resistor  /?,  and  a  Scott-con¬ 
nected  transformer  system  com¬ 
prising  transformer  T  with  a  cen¬ 
ter-tapped  secondary,  and  the 
parallel  tuned  circuit  L,  C*,  C*. 

Since  the  Phasitron  is  modulated 


by  a  magnetic  field,  fields  other 
than  those  produced  by  the  audio 
input  will  cause  noise  modulation 
of  the  carrier.  These  stray  fields 
may  be  caused  by  power  transform¬ 
ers  in  the  transmitter  unit  itself  or 
by  external  equipment.  To  avoid 
this  source  of  trouble,  the  modula¬ 
tor  tube  and  the  field  coil  that 
produces  the  modulation  are  en¬ 
closed  in  a  magnetic  shield  made  of 
high  permeability  material.  A 
further  precaution  taken  to  keep 
the  carrier  noise  level  at  a  low  value 
is  the  use  of  a  small  selenium  rec¬ 
tifier  and  filter  to  provide  d-c  fila¬ 
ment  supply. 

Audio  Driver 

The  audio  system  consists  of  two 
push-pull  amplifier  stages  using 
twin  triodes,  a  6SL7  and  a  6SN7, 
with  feedback  from  the  plates  of 
the  second  stage  to  the  cathodes  of 
the  first  stage.  The  input  is  applied 
to  the  first  stage  through  a  pre¬ 
emphasis  network  and  input  trans- 


FIG.  7 — The  phase-splitting  droiit  de¬ 
scribed  in  the  text  and  a  vector  represen¬ 
tation  oi  phose  relotions  at  various  points 
in  the  circuit 

former,  and  the  output  is  connected 
to  the  Phasitron  field  coil  through 
,  an  output  transformer.  The  field 
coil  is  designed  to  appear  as  nearly 
as  possible  like  a  pure  inductance 
over  the  entire  audio-frequency 
range  from  50  to  15,000  cycles.  By 
holding  a  constant  voltage  across 
the  coil  at  all  audio  frequencies,  the 
current  through  the  coil  and  conse¬ 
quently  the  magnetic  field  in  the 
Phasitron  tube  will  be  inversely 
proportional  to  the  modulating  fre¬ 
quency.  This  is  exactly  the  correc¬ 
tion  required  to  convert  from  phase 


FIG.  6 — Simpliiiad  block  diagram  of  a  crystal^entrollod.  phositron-modulatod  brood- 
cast  tronsmittor.  Audio  modulatioa  Is  Introdnood  through  ths  fiold  coil  that  surrounds 

tho  now  tub# 
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modulation  to  frequency  modula¬ 
tion.  The  effect  of  the  resistance 
of  the  field  coil  can  be  compensated 
by  introducing  a  slight  frequency 
characteristic  in  the  feedback  cir¬ 
cuit  to  reduce  the  feedback  at  the 
lower  frequencies  and  thereby  in¬ 
crease  the  audio  gain.  This  com¬ 
pensation  is  effected  by  choosing 
values  of  resistance  and  capacitance 
for  the  feedback  circuit  that  give 
the  same  time  constant  as  that  of 
the  field  coil. 

The  radio-frequency  circuits  fol¬ 
lowing  the  Phasitron  modulator 
tube,  in  the  modulator  unit  itself, 
consist  of  three  doublers,  two 
triplers,  another  doubler,  and  a 
final  tripler.  Type  6SJ7  tubes  are 
used  except  for  the  last  doubler,  a 
fiV6,  and  the  final  tripler,  an  815. 
The  coupled  circuits  between  all 
stages  are  designed  to  have  suffi¬ 
cient  bandwidth  for  desired  side 
bands,  with  great  attenuation  be¬ 
yond  this  range. 

Commercial  f-m  transmitters 
have  power  ratings  of  250  watts. 


1  kw%  3  kw,  10  kw  and  50  kw.  These 
ratings  are  obtained  by  the  use  of 
class-C  amplifiers  following  the 
modulator.  The  250-watt  transmit¬ 
ter  is  a  basic  unit.  It  may  be  used 
as  an  exciter  for  all  the  other  power 
ratings.  The  first  stage  following 
the  modulator  unit  is  an  829-B 
tube,  and  the  final  power  amplifier, 
illustrated,  consists  of  two  Eimac 
4-250-A  tetrodes  operated  in  a 
push-pull  circuit.  These  power 
amplifier  tubes  have  a  total  plate 
dissipation  rating  of  500  watts, 
which  is  considerably  in  excess  of 
the  requirements  of  a  250-watt 
transmitter.  They  were  chosen  in 
order  to  provide  extremely  con¬ 
servative  operation  and  long  life 
expectancy. 

Inductance  Tuning 

The  most  interesting  feature  of 
the  power  amplifier  is  the  use  of 
inductance  tuning  of  the  plate  tank 
with  no  circuit  capacitance  other 
than  that  of  the  tube.  The  varia¬ 
tion  of  inductance  is  accomplished 


FIG.  8 — Output  stage  of  the  250-watt  Phaidtron  f-in  transmitter,  showing  the  induc¬ 
tance-tuning  arrcmgement  consisting  of  two  moToble  metallic  cylinders  in  the  plate 
circuit  of  the  final  amplifier.  The  output  coil  is  shown  between  the  two  sections 

of  the  split  tank  coil 


Graphical  presentotion  of  audio  harmonic 
distortion  versus  frequency  with  respect  to 
FCC  requirements,  transmitter  guarantee 
and  actual  performance  on  the  preproduc¬ 
tion  model 


by  moving  the  two  metallic  cylin¬ 
ders  shown  in  Fig.  8  in  and  out  of 
the  coil  by  means  of  a  double-screw 
thread  operated  from  a  front  panel 
control.  Such  a  tank  circuit  has  a 
high  inductance-to-capacitance  ra¬ 
tio,  thereby  keeping  the  circulating 
current  low  and  providing  high 
circuit  efficiency.  The  entire  fre¬ 
quency  range  88  to  108  megacycles 
can  be  covered  without  changing 
coils  or  taps. 

The  power  amplifier  grid  cirouit 
and  the  intermediate  power  ampli¬ 
fier  plate  circuit  have  separate 
tanks  with  adjustable  inductive 
coupling.  This  provides  greater 
stability  by  avoiding  the  use  of  the 
chassis  as  a  part  of  the  interstage 
coupling  circuit.  The  power  ampli¬ 
fier,  although  it  uses  tetrode  tubes, 
requires  series  tuning  of  the 
screens  to  counteract  the  effect  of 
the  lead  inductance  at  these  fre¬ 
quencies  and  to  hold  the  screens  at 
r-f  ground  potential.  This  is  done 
by  means  of  a  variable  capacitor 
provided  with  a  front-panel  screw¬ 
driver  adjustment. 

Radio-frequenpy  output  from  the 
power  amplifier  is  inductively 
coupled  by  an  adjustable  loop  to  a 
low-impedance  concentric  trans¬ 
mission  line.  A  vacuum-tube 
voltmeter  mounted  at  the  input  end 
of  the  line  indicates  the  radio¬ 
frequency  voltage  at  that  point  and 
can  be  adjusted  to  read  in  percent 
of  normal  carrier  output. 

The  electrical  performance,  dem¬ 
onstrated  by  a  set  of  measurements 
made  on  a  preproduction  unit,  com¬ 
pares  the  distortion  and  frequency 
response  with  performance  guaran¬ 
tees  in  graphical  form.  These  in¬ 
dicate  that  the  design  is  capable  of 
meeting  the  rigid  requirements  of 
f-m  broadcast  service  with  an  ade¬ 
quate  margin  of  safety. 
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Crystal-Controlled 

- DIATHERMY — 


A  prototype  r-f  heating  unit  that  complies  with  FCC  requirements  by  means  of  crystal 
control.  The  basic  circuit  described  in  detail  can  be  modified  for  lower  power  or  indus¬ 
trial  heating  applications 
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often  becomes  quite  poor,  because 
of  high  circulating  current  and  the 
resultant  tank-circuit  losses.  Load 
variations  present  additional  com¬ 
plications. 

Of  the  remaining  two  alterna¬ 
tives,  crystal  control  by  direct  or 
frequency-comparison  methods,  di¬ 
rect  crystal  control  was  selected  as 
the  simplest  solution  at  the  power 
level  desired.  This  choice  was  in 
part  dictated  by  the  availability  of 
new  screen-grid  transmitting  tubes 
capable  of  efficient  operation  with  a 
minimum  of  driving  power,  and 
which  at  the  same  time  do  not  re¬ 
quire  neutralization  in  the  high- 
frequency  region. 


The  action  of  the  FCC'  in  offer¬ 
ing  the  users  of  medical  and  in¬ 
dustrial  r-f  heating  equipment  the 
alternatives  of  either  reducing  ra¬ 
diation  from  such  equipment  to  a 
negligible  amount  or  operating  in 
relatively  narrow  frequency  bands, 
has  posed  a  serious  problem  for  the 
designers  and  users  of  r-f  heating 
apparatus. 

The  effective  shielding  of  an  area 
containing  r-f  heating  equipment, 
while  technically  possible,**  *  has  not 
been  found  practical  in  many  cases. 
This  is  especially  true  in  the  case  of 
existing  installations  in  which  the 
problems  presented  by  plumbing 
and  wiring  passing  through  the 
area  have  often  proven  insurmount¬ 
able  on  a  reasonably  economical 
basis.  Where  portability  is  desir¬ 
able,  as  it  often  is  in  the.  case  of 
diathermy  equipment,  the  neces¬ 
sity  for  a  shielded  room  is  a  serious 
disadvantage. 

An  alternative  to  complete  shield¬ 
ing  is  accurate  frequency  control 
within  the  bands  allocated  by  the 
FCC.  The  frequency  may  be  main¬ 
tained  within  these  bands  by  means 
of  master-oscillator  control,  fre¬ 
quency-correcting  devices,'  or  by 
using  exceptionally  stable  self-con¬ 
trolled  oscillators  feeding  the  load 
directly. 

Our  medical  department  recently 
indicated  a  desire  for  a  diathermy 
unit  for  the  treatment  of  employees. 
Each  of  the  possible  methods  of 
meeting  the  FCC  requirement  re¬ 
garding  diathermy  equipment  was 
considered.  Complete  shielding  of 
the  treatment  room  was  out  of  the 


Physical  Layoat 

The  complete  unit  is  housed  in  a 
mahogany  cabinet  measuring 
roughly  48  by  22  by  16  inches.  Stor¬ 
age  space  for  applicator  pads  and 
other  supplies  is  provided  behind  a 
door  at  the  front  of  the  cabinet. 

The  low-  and  high-voltage  power 
supplies  for  the  exciter  and  power 
amplifier  are  located  on  a  17  by  13 
by  3  inch  chassis  placed  near  the 
bottom  of  the  cabinet.  The  r-f  sec¬ 
tion  is  placed  on  another  17  by  13 
question  from  the  standpoint  of  by  3  inch  chassis,  which  is  sup- 
economy  and  portability.  The  pos-  ported  by  a  sloping  shelf  slightly 
sibility  of  using  a  very  stable  above  the  center  of  the  cabinet.  The 
high-C  oscillator  was  given  serious  arrangement  is  shown  in  Fig.  1. 
consideration,  but  discarded  be¬ 
cause  of  previous  unsatisfactory  ex-  Circuit  Analysis 

perience  with  similar  oscillators  The  schematic  wiring  diagram  of 
used  with  fixed  loads  for  communi-  the  unit  is  given  in  Fig.  2.  A  f re- 
cation  purposes.  Oscillators  of  this  quency  multiplication  of  four  is  ob- 
sort  are  capable  of  the  required  sta-  tained  in  the  two-tube  r-f  exciter 
bility,  but  the  overall  efficiency  section  that  employs  a  6.83-mc  crys- 


FIG.  1 — Rear  view  of  the  diathermy  unit 
with  coyer  removed.  Power  supplies  are 
at  the  bottom.  The  Ian  on  the  r-f  unit 
draws  air  past  the  tube  base  and  exhausts 
it  through  a  hole  in  the  reor 
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tal.  The  crystal  oscillator  tube  is  a 
6AG7  operated  in  a  circuit  in  which 
the  grid-screen  section  is  used  as  a 
triode  Pierce  oscillator.  The  plate 
circuit  of  the  6AG7  is  tuned  to  the 
second  harmonic  of  the  crystal  fre¬ 
quency,  where  sufficient  output  is 
obtained  to  excite  the  following  6L6 
doubler  stage. 

A  frequency  multiplication  of  two 
is  obtained  in  the  6L6  stage  driving 
the  final  amplifier.  The  6L6  oper¬ 
ates  at  a  plate  voltage  of  425  volts, 
and  is  capable  of  delivering  more 
than  adequate  excitation  to  the 
Eimac  4-250 A  power  amplifier 
stage. 

The  output  stage  operates  as  an 
amplifier  at  27.32  me,  and  is  capable 
of  delivering  a  power  output  in 
the  neighborhood  of  500  watts, 
which  is  more  than  is  normally  re¬ 
quired  for  therapeutic  purposes. 
Adjustment  of  the  power  output  is 
made  by  means  of  a  continuously- 
variable  autotransformer  controll¬ 
ing  the  primary  voltage  delivered 
to  the  high-voltage  power  supply. 


Plate  voltage  for  the  4-250 A  is  sup¬ 
plied  via  a  shunt-feed  r-f  choke,  to 
allow  d-c  grounding  of  the  plate 
tank  circuit.  Screen  voltage  for 
the  4-250A  is  taken  from  the  plate 
supply  via  a  dropping  resistor,  so 
that  plate  and  screen  voltages  vary 
together  when  the  supply  voltage  is 
varied. 

Coupling  between  the  amplifier 
plate  tank  circuit  and  the  applicator 
leads  is  by  means  of  a  balanced-T 
network  connected  to  a  single-turn 
loop  placed  near  the  tank  coil.  With 
the  inductance  values  indicated,  the 
matching  network  is  capable  of  pro¬ 
viding  adequate  loading  for  the 
amplifier  for  all  normal  appli¬ 
cations,  using  applicator  pads 
with  4-foot  leads.  The  pick-up  loop 
is  fixed  in  position  approximately 
one-half  inch  from  the  grounded 
end  of  the  plate  coil.  The  variable 
capacitor  in  the  coupling  network 
is  tuned  for  maximum  current  at 
the  generator  end  of  the  applicator 
leads,  as  indicated  by  a  single-turn 
loop  and  panel  lamp  loosely  coupled 


to  the  output  leads.  The  output  in¬ 
dicator  lamp  is  located  on  the  panel 
between  the  output  jacks. 

Two  parallel  100-/jiju.f-per-section 
split-stator  capacitors  are  provided 
in  the  matching  network.  One  of 
these  is  used  for  padding  purposes, 
however,  and  is  not  adjustable  from 
the  panel.  It  has  been  fouhd  un¬ 
necessary  in  practice  to  retune  the 
final  amplifier  capacitor  if  the  load¬ 
matching  circuit  is  simply  tuned  for 
maximum  output  in  each  applica¬ 
tion. 

All  tuned  circuits  preceding  the 
power  amplifier  plate  are  located 
under  the  chassis,  to  prevent  coup¬ 
ling  around  the  4-250A.  It  is  worth 
noting  in  this  respect  that  the  6L6 
preceding  the  4-250A  must  have  a 
metal  envelope.  The  use  of  a  6L6G, 
or  ineffective  grounding  of  the  en¬ 
velope  of  a  6L6,  will  allow  feedback 
from  the  plate  of  the  4-250 A  to  the 
plate  of  the  6L6  by  direct  capaci¬ 
tance  coupling  between  tubes.  As 
these  two  plate  circuits  operate  on 
the  same  frequency,  oscillation  is  al- 


FIG.  2 — Schematic  cLrcuit  diagram  of  tho  throo^tago  r-i  hootor.  FUomont  power  supplies  hare  been  omitted.  Power  supply  ot  the  left 

senres  the  osdUotor  and  buffer  stages 


114 


Ocfoher.  7944  — ELECTRONICS 


most  certain  to  result  if  the  shield¬ 
ing  between  them  is  not  complete. 

Cooling 

The  4-250A  tube  has  been  pro¬ 
vided  with  a  very  compact  base  and 
stem  structure,  to  allow  its  effective 
use  at  high  frequencies.  This  type 
of  construction  causes  sufficient 
transfer  of  heat  to  the  seals  and 
leads  by  conduction  and  radiation 
to  make  forced  cooling  of  the  base 
structure  a  necessity.  The  amount 
of  cooling  required  is  small,  and  is 
provided  in  the  diathermy  unit  by  a 
six-inch  exhaust  fan  located  near 
the  top  rear  of  the  cabinet.  This 
fan  draws  air  through  a  dust  filter 
at  the  bottom  of  the  cabinet  below 
the  power  supplies  and  passes  it  up¬ 
ward  through  the  complete  unit. 
Because  the  r-f  chassis  forms  a 
nearly  complete  partition  across  the 
cabinet,  a  substantial  portion  of  the 
air  traveling  upward  is  forced  to 
pass  through  the  4-250A  socket  and 
the  tube  base  to  reach  the  top  of 
the  cabinet  and  the  exhaust  fan. 
The  center  portion  of  the  shelf  sup¬ 
porting  the  r-f  section  is  cut  away 
to  allow  air  to  enter  the  bottom  of 
the  chassis. 


Front  Tiew  of  tho  upper  portion  of  the  diathermy  cabinet,  showing  the  control  panel 

Underneath  the  r-i  chassis.  The  crystal-stage  components  ore  separated  by  the 
chassis  from  the  final  cmiplifier  plate  circuit  to  oroid  feedback 


Suggested  Modifications 

The  unit  described  here  is  prob¬ 
ably  somewhat  more  complex  than 
necessary  for  diathermy  purposes. 
It  was  thought  desirable,  however, 
to  include  at  the  outset  all  features 
that  might  be  desirable,  letting  ex¬ 
perience  in  actual  operation  deter¬ 
mine  which  of  them  might  advan¬ 
tageously  be  eliminated.  The  super¬ 
fluity  of  the  panel  control  on  the 
plate-tuning  capacitor  has  been  in¬ 
dicated.  Another  possible  modifica¬ 
tion  would  be  the  elimination  of  the 
relatively  costly  autotransformer 
plate-supply  voltage  control  by  sub¬ 
stituting  a  potentiometer  to  vary 
the  screen  voltage  on  the  4-250A 
amplifier,  for  adjustment  of  power 
output. 

The  power  supply  illustrated  was 
based  on  an  available  plate  trans¬ 
former.  A  lower-voltage  trans¬ 
former  with  a  small  filter  capacitor 
might  very  well  be  used,  thus  elim¬ 
inating  the  filter  choke. 

Although  the  unit  described  is  in¬ 
tended  specifically  for  medical  pur¬ 
poses,  its  conversion  to  industrial 
dielectric  heating  applications 
would  require  only  minor  changes. 


The  availability  of  new  transmit¬ 
ting  tubes  combining  high  power 
sensitivity  and  low  interelectrode 
capacitances  with  ruggedness  offers 
the  designer  of  high-frequency 
heating  apparatus  a  simple  and  in¬ 
expensive  solution  to  the  problems 
presented  by  the  new  regulations. 


(1)  FCC  Allocation  Plan.  Electronics. 
p  9‘i.  March  11H5. 

(2)  Klinsman.  G.  W..  &  Williams,  G.  H., 
Shielding  of  Dielectric  Heating  installa¬ 
tions,  Electronics,  p  106,  May  1045. 

(3)  Swan,  Arthur  G.,  Radiation  from  R-F 
Heating  Generators,  Electronics,  p  162, 
May  1946. 

(4)  Rambo,  S.  Ivan,  AFC  for  R-F  Heat¬ 
ing,  Electronics,  p  120,  .\pril  1946. 
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Pulse  Transmission 


An  economic  evaluation  of  single  and  double-tuned  coupling  circuits  in  pulse  amplifiers  is 
possible  by  setting  standards  for  comparison  of  steady-state  and  transient  response.  The  experi¬ 
mental  results  obtained  at  medium  frequencies  are  valid  much  higher  in  the  spectrum 
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FIG.  1 — ^Block  diagram  of  thR  test  equipment  used  in  determining  the  response  of 
amplifiers  to  pulsed  signals.  The  pulse  generator  also  supplies  timing  markers  to  the 

oscilloscope 


Table  I — Comparison  oi  Transmission  oi  Square  and  Hali-Sine 

Wove  Pulses 


Pulse 

Length 

Pulse  Width  (percent) 

Respoas 

Characteristic 

nsec 

Square  Pulse 

Sine-wave  Pulse 

(see  text) 

1,300 

122 

108 

A 

600 

140 

121 

A 

680 

116 

96 

C 

260 

134 

117 

C 

220 

147 

132 

D 

Table  II — Comparison  of  On-Tune  and  Off-Time  Transmission 


On-Tune 

Off-Tune 

Pulse 

Round¬ 

Round¬ 

Ampli¬ 

Re¬ 

Length 

ing 

Width 

ing 

Width 

tude 

Devia¬ 

sponse 

(mscc) 

(percent) 

(per¬ 

(per¬ 

(per¬ 

(per¬ 

tion 

(per¬ 

cent) 

cent) 

cent) 

cent) 

(kc) 

cent) 

Transmission  Characteristic  A,  Fig.  3 

1,.300 

13 

122 

11 

120 

92 

-f-0.81 

89 

1,300 

13 

122 

7 

119 

60 

-f-1.71 

60 

1,300 

13 

122 

4 

118 

24 

+2.80 

33 

Transmission  Characteristic  C,  Fig.  3 

260 

39 

134 

35 

133 

87 

+1.94 

99 

260 

39 

134 

20 

134 

62 

+3.74 

78 

680 

10 

116 

11 

117 

100 

-1.72 

101 

680 

10 

116 

5 

120 

55 

-4.79 

48 

Note:  Amplitude  is  the  amplitude  of  output  pulse  compared  to  amplitude  when 
on  tune 

Deviation  is  the  displacement  of  carrier  from  center  of  pass  band 

Response  is  the  steady  state  sine-wave  response  of  amplifier  at  stated 
deviation 


The  subject  of  pulse  transmis¬ 
sion  has  been  rather  thoroughly 
treated  in  the  literature  from  an 
analytical  standpoint,  but  the  obser¬ 
vational  and  experimental  aspects 
have  not  received  as  wide  attention. 
This  paper  gives  the  findings  of  an 
experimental  investigation  made  to 
determine  bandwidth  requirements 
for  the  transmission  of  rectangular 
pulses  through  a  communication 
channel. 

The  work  was  motivated  by  a 
need  to  determine  the  relative  ad¬ 
vantages  of  single-tuned  versus  dou¬ 
ble-tuned  coupling  circuits  in  ampli¬ 
fiers  used  for  pulse  transmission. 

With  new  uncrowded  regions  of 
the  spectrum  available  for  wideband 
transmissions  it  becomes  desirable 
to ,  investigate  the  use  of  amplifiers 
employing  relatively  unselective,  but 
simple,  single-tuned  coupling  cir¬ 
cuits.  If  they  can  be  used  in  place  of 
.the  double-tuned  type  without  too 
much  loss  in  gain  for  equal  pulse 
transmission,  a  considerable  advan¬ 
tage  in  simplicity  of  manufacture, 
alignment  and  servicing  of  wide¬ 
band  amplifiers  will  accrue. 

Experimental  Procednre 

Analytical  demonstration  can  be 
made  of  the  validity  of  frequency 
scaling  in  the  study  of  pulse  trans¬ 
mission.  This  fact  was  utilized,  mak¬ 
ing  possible  the  experimental  use  of 
a  narrow-band,  low-frequency  ampli¬ 
fier  whose  band-pass  characteristics 
were  easily  controlled.  This  test  pro¬ 
cedure  permitted  the  use  of  long 
pulses  whose  shape  and  length  could 
be  determined  accurately. 

A  block  diagram  of  the  test  setup 
is  shown  in  Fig.  1.  The  circuits  to  be 
tested  are  incorporated  in  an  ampli¬ 
fier  with  their  pass  bands  centering 
about  460  kc.  A  460-kc  signal,  pulse 
modulated,  is  applied  to  the  amplifier, 
the  output  of  which  is  demodulated 
and  observed  on  a  wide-band  oscil- 
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loscope.  The  pulse  modulating  volt¬ 
age  is  mixed  with  the  output  of  the 
amplifier  to  provide  accurate  timing 
marks  on  the  oscilloscope  pattern. 
The  patterns  for  each  test  condition 
have  been  standardized  in  size  and 
photographed  for  subsequent  analy¬ 
sis. 

The  apparatus  is  capable  of  pass¬ 
ing  a  pulse  less  than  one-half  the 
length  of  the  shortest  used  in  taking 
the  test  data,  without  a  measurable 
deviation  from  squareness  in  the  os¬ 
cilloscope  pattern. 

Before  outlining  the  measuring 
technique,  two  terms  used  in  specify¬ 
ing  pulse  shapes  will  be  defined.  Fig¬ 
ure  2  shows  a  t3i>ical  output  pulse 
shape.  The  terms  defined  in  the  fig¬ 
ure  are  percent  rounding  and  per¬ 
cent  width.  Percent  rounding  is  the 
percentage  of  the  time  duration  of 
the  input  pulse  required  for  the  out¬ 
put  pulse  to  reach  90  percent  of  its 


final  amplitude.  Percent  width  is 
the  percentage  of  time  duration  of 
the  input  pulse  required  for  the  out¬ 
put  pulse  to  go  from  10  percent  of 
its  final  amplitude,  through  100  per¬ 
cent  and  back  down  to  10  percent. 

The  pulse-modulated  signal  is  ap¬ 
plied  to  the  amplifier  under  test. 
Pulse  length  is  then  adjusted  to  give 
an  output  pulse  having  a  specified 
amount  of  rounding.  After  adjusting 
the  oscilloscope  pattern  size  to  a 
standard  value,  the  figure  is  photo¬ 
graphed.  A  series  of  such  data  has 
been  taken  for  each  circuit  tested, 
with  several  values  of  pulse  length 
to  give  various  degrees  of  rounding 
of  the  output  pulse. 

Experimental  Retnits 

Pulse  transmission  was  measured 
on  four  amplifiers  having  band-pass 
characteristics  as  shown  in  Fig.  3. 
The  term  response  as  used  here  is  the 


FIG.  4 — Am  a  circuit  rounds  the  output 
shope  of  a  square-ware  input  pulse,  the 
length  of  the  pulse  must  be  increosed  or 
else  the  output  amplitude  will  decrease 


TIMING 


R  «  Y  ^  ‘  PERCENT  ROUNDING 

W  «  I  X  100  «  PERCENT  WIDTH 
d .  DELAY 


FIG.  2 — Typical  output  pulse  with  the  per¬ 
cent  rounding  and  percent  width  defined. 
The  delay  between  the  timing  mark  cmd 
the  initiation  of  the  output  pulse  occurs  in 
the  amplifier  and  other  circuits 


(A)  2 -STAGE, 

DOUBLE -TUNED, <  K 

(B)  1  -  STAGE  , 

DDUBLE  -TUNED  ,  <  K 

(C)  2 -STAGE  , 

DOUBLE  -TUNED  ,  >  K 

(0)  2  -  STAGE 

SINGLE  -TUNED 

K>CRITICAL  COUPLING 

FIG.  3 — Response  charocteristics  of  several 
amplifiers  for  steady-state  or  sine-ware 
amplification.  The  response  to  pulses  is 
described  in  the  text 


steady  state  response  of  the  circuit 
to  an  impressed  sine  wave  of  voltage. 
It  should  not  be  confused  with  the 
circuit’s  response  to  pulses. 

Data  was  taken  for  pulse  lengths 
varying  increasingly  from  that 
length  which  just  produced  a  per¬ 
ceptible  decrease  in  the  output  pulse 
amplitude.  That  is,  the  pulse  lengths 
were  always  sufficiently  long  to  per¬ 
mit  the  output  pulse  to  build  up  to  its 
flat  top  portion. 

Figure  4  summarizes  pulse  round¬ 
ing  data  taken  on  the  four  amplifier 
circuits  whose  band-pass  characteris¬ 
tics  are  shown  in  Fig.  3.  Quadratic 
equations  were  fitted  to  the  observed 
data  to  a  precision  of  better  than  5 
percent.  These  equations  are  tabu¬ 
lated  below. 

Transmission  characteristic  A 
L  =  1,807  -  45.7^4-0.36^^  (1) 

Transmission  characteristic  B 
L  =  1 ,521  -  41  .OR  +  O.Z2Rr-  (2) 

Transmission  characteristic  C 
L  =  909  - ‘23  7ft -|-0.18/e2  .  (3) 
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width  is  increased  by  approximately 
the  percent  rounding. 

Frequently  in  practice  we  have  to 
deal  with  only  nominally  square 
pulses.  It  is  therefore  of  interest  to 
know  how  much  bandwidth  require¬ 
ments  may  be  relaxed  if  the  system 
is  not  to  be  required  to  handle  per¬ 
fectly  square  pulses.  A  series  of 
measurements  was  made  with  a 
half-wave,  rectified  sine  wave  input 
pulse  as  representing  a  tjrpical 
rounded  pulse.  Table  I  summarizes 
the  results  of  these  measurements. 

Off-tune  operation  is  frequently 
encountered  in  practice  due  to  time 
and  temperature  drift  or  to  faulty 
tuning  adjustment.  Pulse  transmis¬ 
sion  through  amplifiers  having  char¬ 
acteristics  A  and  C  was  investigated 
for  several  degrees  of  detuning  and  a 
comparison  made  with  corresponding 
on-tune  operation.  Table  II  sum¬ 
marizes  the  results  of  these  measure¬ 
ments. 


For  the  purposes  of  computation 
the  following  assumptions  were 
made: 

Q  =  56,400 

On  —  10,000  /imhos 

C  =  20MMf 

P  =  0  5 

dkbi  —  10^  when  rounding  ia  60  percent 

The  first  computation  made  for 
Ao)  =  10^  with  an  output  pulse 
rounding  of  60  percent,  shows  3 
stages  to  be  required  in  the  amplifier. 
Reference  to  Fig.  6  shows  L/K  is 
equal  to  145  for  60  percent  rounding. 
To  compute  the  bandwidth  required 
for,  say,  30  percent  rounding  we 
note  that  L/K  equals  396,  giving  the 
new  bandwidth  requirement  of 
A(Oao  =  396/145  Ao>«,  =  2.73  x  10'. 
The  value  of  n  for  30  percent  round¬ 
ing  may  now  be  determined  from  Eq. 
7.  Figure  7,  curve  I,  shows  the  com¬ 
plete  data  for  the  range  of  10  to  60 
percent  rounding  for  the  conditions 
assumed. 

Curve  II  in  Fig.  7  shows  how  the 
overall  gain  of  a  5-stage  amplifier 
of  the  above  characteristics  varies 
as  its  bandwidth  is  adjusted  to  yield 
output  pulses  with  varying  degrees 
of  rounding.  The  data  is  plotted  as 
loss  of  gain  compared  to  the. gain 
at  a  bandwidth  giving  60  percent 
pulse  rounding. 

The  data  presented  in  Fig.  7  show 


ROUNDING  IN  PERCENT 


FIG.  5 — Graphical  representation  of  Eq.  5 
showing  percent  rounding  in  relation  to 
the  quotient  of  pulse  length  divided  by 
circuit  response  to  sine  wavas 


Discussion  of  Experimental  Findings 

The  derivation  of  Eq.  5  shows  the 
length  of  pulse  which  can  be  trans¬ 
mitted  with  a  specified  amount  of 
rounding  through  a  circuit  follows 
the  same  law  of  variation  for  both 
single-  and  double-tuned  stages  when 
the  bandwidth  is  varied.  This  per¬ 
mits  prediction  of  the  effect  of 
changes  in  the  bandwidth  of  a  cir¬ 
cuit  upon  output  pulse  shape,  after 
drawing  a  family  of  such  curves  for 
various  values  of  K.  If  circuits  of 
the  same  configuration  and  the  same 
pass-band  shape  are  being  compared, 
direct  scaling  may  be  employed  after 
K  has  been  determined  for  a  single 
bandwidth. 

As  an  illustration  of  the  use  of  Eq. 
5,  a  computation  was  made  to  show 
the  cost  of  improving  the  output 
pulse  shape  by  progressive  increases 
in  bandwidth  of  a  single-tuned  amp¬ 
lifier,  all  the  time  maintaining  a  con¬ 
stant  gain  by  increasing  the  number 
of  stages.  The  gain,  G,  of  a  multi¬ 
stage,  single-tuned  amplifier,  all 
stages  of  which  are  alike,  is  given  by 


Transmission  characteristic  D 
L  =  897  -  23.6fl  +  0.19/2*  (4) 

The  above  equations  are  identical 
in  form,  differing  only  by  a  multi¬ 
plying  factor.  The  group  can  be 
specified  by  the  following  character¬ 
istic  equation 

.  L  =  K  (1,000  -  26.2/2  4*  0.20/2*)  (5) 

where,  L  is  length  of  pulse  in  micro¬ 
seconds;  R  is  percent  rounding;  and 
iir  is  a  factor  representing  a  function 
of  the  steady  state  response  charac¬ 
teristic  of  the  circuit.  Equation  5  is 
plotted  in  Fig.  5.  Equations  1  to.  5 
are  valid  for  values  of  R  in  the  range 
10  to  60  percent. 


Roaaded  Pulse  Transmission 

In  some  applications  the  widening 
of  a  pulse  in  transmission  through 
a  channel  is  of  more  interest  than 
the  time  of  rise;  particularly  is  this 
true  if  clipping  removes  the  rounded 
top  of  the  pulse.  It  was  expected  that 
pulse  width  would  bear  a  more  or  less 
simple  relation  to  pulse  rounding  and 
the  curves  plotted  in  Fig.  6  show  this 
to  be  true.  Adjusting  all  the  data  to 
a  common  linear  trend  line,  the  fol¬ 
lowing  equation  is  arrived  at 

IF  =  109  +  0.75/2  (6) 

where  W  is  percent  width,  and  R  is 
percent  rounding.  Or,  the  pulse 


LCTTCRS  ON  CUNVCS 
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CIRCUITS  AS  OCSCRIKO 
IN  ris.s 


where 


Owi  transconductance  of  amplifier 
tubes 

P  =  percent  response  at  which  overall 
band  width  is  measured,  expressed 
as  a  decimal 

C  =  total  circuit  capacitance  per  stage 
n  =  number  of  identical  stages 
A<<)  =  2  T  times  band  width  at  point  P 


ROUNDING  IN  PERCENT 


FIG.  6 — Output  pulse  percent  width  os  a 
function  of  percent  rounding 
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to  be  given  later.  In  setting  up  the 
circuit  having  response  character¬ 
istic  D,  Fig.  3,  the  bandwidth  was 
so  chosen  that  the  pulse  transmis¬ 
sion  through  this  circuit  was  identi¬ 
cal  to  that  through  the  circuit  hav¬ 
ing  response  characteristic  C.  Figure 
4,  curves  D  and  C,  will  show  the 
similarity  in  performance  of  these 
two  circuits. 

First,  considering  the  problem 
qualitatively,  transmission  through 
a  circuit  would  be  expected  to  vary 
in  some  manner  related  to  the  area 
under  its  frequency  response  char¬ 
acteristic.  It  would  also  be  expected 
that  of  two  response  characteristics 
of  equal  area,  if  one  had  very  wide 
flaring  skirts,  and  the  other  steep 
skirts,  better  pulse  transmission 
would  be  obtained  with  the  latter. 
This  is  because  an  appreciable  por¬ 
tion  of  the  characteristic  having  flar¬ 
ing  skirts  is  at  frequency  locations 
remote  from  the  center  of  the  band. 
The  areas  under  the  four  response 
characteristics  in  Fig.  3  were  deter¬ 
mined  as  listed  in  Table  III. 

The  manner  in  which  the  pulse 
length  that  may  be  transmitted 
varies  with  the  area  under  the  re¬ 
sponse  curve  of  the  circuit  is  then 
shown  in  Fig.  8,  with  percent  round¬ 
ing  as  a  parameter.  These  curves 
show  the  area  under  the  response 
characteristic  of  a  circuit  is  impor¬ 
tant  in  determining  its  pulse  trans¬ 
mission  capabilities.  However,  the 
discontinuities  present  in  the  curves 
indicate  the  shape  of  the  transmis¬ 
sion  characteristic  is  also  of  impor¬ 
tance.  Comparing  the  data  for 
transmission  characteristics  A  and  B 
in  Fig.  8,  a  certain  rate  of  improve¬ 
ment  in  going  from  A  to  B  is  noticed. 
Now,  comparing  the  performance 
with  characteristics  B  and  C,  a  much 
greater  rate  of  improvement  is 
found.  Last,  comparing  data  on 
characteristics  C  and  D,  a  lower  rate 
of  improvement  or  actual  deteriora¬ 
tion  is  obtained.  Thus,  going  from 
a  circuit  having  a  response  shape 
with  narrow  skirts  to  one  with  flar¬ 
ing  skirts,  but  greater  area,  much 
less  improvement  in  pulse  transmis¬ 
sion  is  effected  than  in  making  a  pro¬ 
portional  change  of  area  from  flar¬ 
ing  skirts  to  narrow  skirts.  It  is 
evident  the  transmission  shape 
exerts  an  appreciable  influence  upon 
•  the  ability  of  a  circuit  to  transmit 
square  pulses. 


that  relatively  perfect  transmission 
of  square  pulses  comes  at  a  high 
price,  and  indicates  that  very  good 
economic  reasons  must  be  advanced 
to  justify  pulse  transmission  of  a 
better  quality  than  that  which  will 
give  30  to  40  percent  rounding. 

The  data  given  in  Table  I  show 
that  a  square-wave  pulse  is  increased 
in  width  more  than  a  sine-wave  pulse 
of  the  same  length,  when  passed 
through  the  same  amplifier,  the  aver¬ 
age  difference  being  17  percent  in 
these  data.  For  the  case  of  the 
amplifier  whose  gain  was  computed 
in  the  example  above,  this  would 
mean  a  saving  of  one  stage  if  50 
percent  rounding  were  permissible, 
see  Fig.  7,  curve  I;  or,  referring  to 
Fig.  5,  a  pulse  47  percent  shorter  in 
duration  could  be  transmitted  if  the 
input  pulse  were  one-half  sine  wave 
instead  of  square  wave  in  form. 

An  examination  of  Table  II  re¬ 
veals  that  off-tune  operation  has  sev¬ 
eral  effects:  the  time  of  rise  is 
decreased,  pulse  amplitude  is  de¬ 
creased,  and  pulse  width  changes 
very  little  if  at  all. 

Comparison  of  Single-Tuned  and 
Double-tuned  Coupling  Circuits 

To  examine  the  relative  merits 
of  single-tuned  and  double-tuned 
coupling  circuits  from  the  stand¬ 
point  of  pulse  transmission,  it  is  first 
necessary  to  determine  at  what  com¬ 
mon  response  point  the  bandwidths 
of  the  respective  circuits  should  be 
measured.  That  the  comparison  is 
markedly  influenced  by  the  choice  of 
this  point  will  be  evident  from  data 


RESPONSE  CHARACTERISTIC 
(A)  (B)  (C)  (01 


AREA  UNDER  RESPONSE 
CHARACTERISTIC  IN  SQUARE  UNITS 


FIG.  8 — Minimum  pulse  length  expressed 
in  terms  oi  the  area  under  response  char¬ 
acteristic  ior  seTeral  amplifiers  at  different 
percent  rounding 


Table  III  shows  transmission 
characteristics  C  and  D  to  have  sub¬ 
stantially  equal  areas,  and  curves 
C  and  D  in  Fig.  4  show  these  two 
circuits  to  have  practically  identical 
pulse  transmission  characteristics. 
Therefore,  we  may  obtain  from 
these  two  transmission  character¬ 
istics  a  common  crossover  point  for 
which  a  bandwidth  specification  may 
be  stated.  In  this  case,  crossovers 
occur  at  42  percent  and  50  percent 
on  either  side  of  center  in  Fig.  3. 
That  is,  both  amplifiers  have  identi¬ 
cal  response  at  455.3  kc  (50  percent) 
and  at  465.5  kc  (42  percent).  Then, 
on  the  average,  the  comparison  point 
may  be  said  to  be  at  approximately 
46  percent  response. 

More  of  the  experimental  data 
may  be  used  in  the  determination  of 
the  comparison  point  between  single- 
tuned  and  double-tuned  circuits  if 
another  method  is  employed.  Pro¬ 
gressing  through  characteristics  A, 
B,  and  D,  in  the  order  listed,  the 
pass  band  becomes  progressively 
wider  and  the  skirts  flare  in  increas¬ 
ing  degree,  as  shown  in  Fig.  3. 
These  three  characteristics  are. 


STAGES 


ROUNDING  IN  PERCENT 


FIG.  7 — Carres  showing  the  number  of 
stages  needed  and  attenuation  os  a  func- 
hon  of  percent  rounding  for  single-tuned 
amplifiers 
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broadly  speaking,  similar,  differing  passing  through  an  observed  point  on  the  basis  of  a  1-  or  2-stage  ampli- 

mostly  as  to  bandwidth.  Bandwidth,  for  characteristic  C  would  indicate  fier.  In  practice,  an  amplifier  will 

as  measured  from  these  character-  at  what  percent  response  the  single-  frequently  have  a  greater  number  of 

istics,  is  plotted  against  pulse  length,  and  double-tuned  circuits  should  be  stages.  Consequently  the  overall  re- 

with  the  percent  response  at  which  compared.  This  response  point  turns  sponse  characteristics  will  have 

the  bandwidth  is  measured  as  a  para-  out  to  be  55  percent,  as  compared  steeper  skirts  as  the  number  of 

meter,  in  Fig.  9.  The  smooth  curves  with  the  46  percent  determined  by  stages  is  increased,  and  it  would  be 

connecting  these  points  for  a  given  the  method  above.  expected  that  the  basis  of  compari- 

percent  response  are  extrapolated  to  The  above  determination  of  the  son  for  the  two  types  of  circuits 
the  region  where  data  from  response  response  point  at  which  comparisons  would  vary  somewhat  with  the  num- 

characteristic  C  would  fall.  Now,  of  single- tuned  and  double-tuned  ber  of  stages  in  the  amplifier, 

the  extrapolated  curve  most  nearly  circuits  should  be  made  was  derived  Accordingly,  transmission  charac¬ 

teristics  C  and  D  were  raised  to 
the  fourth  power  to  give  the  equiva¬ 
lent  frequency  response  of  an  8-stage 
amplifier,  with  the  results  shown  by 
the  solid  curves  in  Fig.  10.  The 
area  under  the  D*  curve  was  then  in¬ 
creased  to  be  equal  to  that  under  the 
C*  characteristic,  see  dotted  curve, 
making  the  two  characteristics  ap¬ 
proximately  equally  efficient  for 
transmitting  square  pulses.  For  this 
moderate  shift  the  previous  data  per¬ 
mits  a  comparison  on  the  basis  of 
equal  areas.  This  assumption  will 
not  be  rigorously  justified,  but  it  is 
believed  in  the  present  case  the  small 
amount  of  extrapolation  necessary 
does  not  unduly  reduce  the  accuracy 
of  the  results.  After  this  adjust¬ 
ment,  the  average  crossover  point  is 
at  40  percent  response.  Comparing 
this  with  the  55  percent  crossover 
point  for  two  stages  it  is  seen  that 
increasing  the  number  of  stages  in 
.  .T..  ....  .  .  1  u  j  -j.i.  an  amplifier  decreases  the  value  of 

FIG.  9 — Permissible  pulse  length  as  a  function  of  bandwidth  * 

the  response  point  on  the  frequency 
characteristic  at  which  a  comparison 
of  single-tuned  and  double-tuned 
circuits  should  be  made.  The  above 
calculations  may  be  generalized  by 
saying  that  in  the  average  multi¬ 
stage  amplifier  the  pulse  transmis¬ 
sion  capabilities  of  an  over-coupled 
and  double-tuned  amplifier  and  of  a 
single-tuned  amplifier  will  be  identi¬ 
cal  if  their  steady  state  frequency 
response  characteristics  have  the 
same  bandwidth  at  approximately 
the  45  percent  response  point. 

An  analytical  expression  compar¬ 
ing  single-tuned  and  double-tuned, 
over-coupled  circuits  would  be  too 
cumbersome  for  practical  use. 
Therefore,  a  comparison  will  be  made 
on  a  computed  experimental  basis. 
Computations  have  been  made  for 
single-tuned  and  double-tuned  cir¬ 
cuits  typical  of  those  likely  to  be 
encountered  in  wide  band  i-f  ampli¬ 
fiers.  The  following  characteristics 
were  assumed : 
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FIG.  10 — Transmission  charactoristics  of  on  8-stag*  ampliiiar 


Table  III — Areas  Under  Response 
Characteristics 


Table  IV — Comporotiye  Center-Fre<|uency  Goins  ol  Single  i 
Doubled-Tnned  Circuits  ; 


Response 
Characterislir 
(see  text) 

B 

C 

D 


.\rea 

(square  units] 

160 

800 

1,020 

1,090 


Gain  Per  Stage 

Coupling,  Double-  1-Stage  5-Stage  10-Stage  | 

Tuned  Circuits  Single  Double  Single  Double  Single  Double  ■ 

Critical .  66  61  20  31  14  28  I 


Overcoupled,  2  percent  dip.  .  66  70  20  12  11  36 

Overcoupled,  8  percent  dip . .  66  82  20  51  11  18 


I 


[5 


m 


'f 


/„  =  30  me 

*  Capacitance  =  22  /i/tf  total  for 
single-tuned  amplifier 

=  12  fifif  per  circuit 
for  double-tuned  amplifier 
=  9,000  /imhos 
Stages  =  1,  5,  10 
Response  at  which  bandwidth  is 
measured  =  45  percent 
Primary  and  secondary  circuits 
identical  in  double-tuned  amplifier 
Couplings  =  critical,  over-coupled 
2  percent  dip  at  center,  over-coupled 
8  percent  dip  at  center 
Pulse  rounding  =  50  percent 
Pulse  length  =  1  ^isec 

Bandwidth  Requirements 

Referring  to  Fig.  3  and  4,  curves 
D,  it  is  seen  the  bandwidth  required 
to  transmit  a  1-ju.sec  pulse  is  0.0103  x 
190  =  1.96  me.  That  is,  a  single- 
tuned  circuit,  or  an*  equivalent 
double-tuned  circuit,  10.3  kc  wide  at 
45  percent  response  will  transmit  a 
pulse  190  /isec  long  with  50  percent 
rounding.  Therefore,  190  times  this 
bandwidth  is  required  to  transmit  a 
l-fisec  pulse.  This  is  the  overall 
bandwidth  required  regardless  of  the 
number  of  stages.  Thus,  each  stage 
of  a  lO-stage  amplifier  would  be  1.96 
me  wide  not  at  45  percent  response, 
but  at  0.45®'  which  equals  92.3 
percent  response.  Table  IV  sum¬ 
marizes  the  results  of  these  computa¬ 
tions. 

These  data  show  that  for  a  single- 
stage  amplifier  there  is  very  little 
choice  between  the  single-  and 
double-tuned  type  of  coupling  cir¬ 
cuits.  However,  as  the  number  of 
stages  is  increased  the  double-tuned 
circuit  shows  an  increasing  advan¬ 
tage  in  gain  over  the  single-tuned 
circuit.  Whether  the  increased  com¬ 
plexity  of  double-tuned  circuit  ele¬ 
ments  is  offset  by  the  increased  gain 
available  can  only  be  decided  by  a 
knowledge  of  the  circumstances  sur¬ 
rounding  a  given  application. 

As  a  matter  of  interest.  Fig.  11 
shows  a  series  of  curves  giving  band¬ 


width  requirements  for  transmitting 
pulses  varying  in  length  between  0.1 
and  7  /tsec  with  three  different  de¬ 
grees  of  rounding.  Bandwidth  is 
specified  at  the  45  percent  response 
point. 

Summary 

Pulse  transmission  through  sev¬ 
eral  types  of  single-  and  double-tuned 
amplifiers  is  investigated  experimen¬ 
tally.  The  length  of  pulse  that  can 
be  transmitted  through  a  circuit 
with  a  given  percent  rounding,  R, 
is  found  to  be  given  by:  L  =  K 
(1,000  -  26.2i?  +  0.20/2“),  where 
K  is  a,  function  of  the  transmission 
chara  teristic  of  the  circuit.  In¬ 


crease  in  width  of  a  pulse  is  found 
to  be  approximately  equal  to  the 
amount  of  rounding.  Amplifier  de¬ 
sign  requirements  are  found  to  be 
appreciably  eased  if  pulse  input  is  of 
the  form  of  a  half  sine  wave.  Off- 
tune  operation  is  found  to  result  in 
a  decreased  rise  time  and  a  decreased 
output  pulse  amplitude.  It  is  shown 
that  bandwidths  of  single  and 
double-tuned  circuits  should  be  com¬ 
pared  at  approximately  the  45  per¬ 
cent  response  points  in  determining 
their  pulse  transmission  capabilities. 
In  a  multistage  amplifier,  double- 
tuned  coupling  circuits  are  shown 
to  offer  appreciable  advantages  from 
the  standpoint  of  gain. 


FIG.  11 — Bandwidth  required  as  a  function  of  pulse  length  for  three  different  percent 

rounding 
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Train  ponition>indicator  ponnl  used  in  the 
dispatchnr's  office.  The  signal  lamps  op¬ 
erate  when  trains  arrhre  at  and  leore  the 
she  points  shown.  Recording  pens,  not 
illnstroted.  keep  permanent  records 


Bleetronic  Etiginter 

Chicago,  Rock  loland  d  rariHc  RailHng  Co. 
Chicago,  llUnois 


EJ5CTR0NICS,  the  key  to  high¬ 
speed  control,  positive-acting 
relay  circuits,  high  sensitivity,  and 
minimum  loss  in  bridging  circuits, 
has  proven  its  usefulness  in  the  in¬ 
dustrial  field.  We  decided  to  set  up 
an  automatic  system  to  utilize  these 
advantages  in  indicating  to  a  dis¬ 
patcher  the  positions  of  one  or  more 
trains  as  they  progressed  down  the 
right  of  way. 

Ideally,  such  a  system  would  oper¬ 
ate  over  any  existing  communication 
facilities  —  telephone,  telegraph-car¬ 
rier  wires,  or  radio  channels.  It 
would  present  both  temporary  and 
permanent  records  to  the  train-con¬ 
trol  man  5  to  600  miles  away.  It 
would  be  impervious  to  static  and 
false  indications,  and  there  would  be 
some  method  by  which  the  signal 
could  be  held  until  the  dispatcher  had 
acknowledged  it 

Early  in  1944  the  design  of  such  a 
system  was  started.  An  installation 
made  in  January  1946  fulfilled  all  the 
above-mentioned  requirements.  The 
following  text  describes  this  installa¬ 
tion  at  Bureau,  Illinois,  and  a  block 


Train  Position 
Indicator 


wires  to  the  control  or  dispatcher’s 
office. 

At  the  office  the  signal  is  passed 
through  another  isolation  unit  and  a 
selective  filter  system.  It  is  then 
amplified  and  applied  to  a  tube  which 
limits  the  amplitude  of  signals  and 
static,  including  miscellaneous  d-c 
pulses  and  lighting.  The  signal  is 
rectified  and  the  resulting  triggerinK 
voltage  is  then  fed  through  a  time 
delay  circuit  to  a  thyratron  circuit 
controlling  a  relay  which  operates  a 
signal  light  and  a  pen  recorder.  The 
on-pulse  of  the  signal  indicates  that 
the ‘train  has  arrived  at  a  certain 
station.  When  the  train  leaves  the 
station,  the  signal  stops,  removing 
the  voltage  from  the  output  of  the 
limiter  circuit  at  the  ofiice.  This  oper¬ 
ation  removes  the  bias  voltage  from 
an  amplifier,  allowing  a  second  relay 
to  pull  in  and  operate  another  signal 
light  to  show  that  the  train  has 
departed  from  this  point. 


diagram  is  shown  in  Fig.  1.  The  in¬ 
stallation  of  a  more  extensive  system 
from  McFarland  to  BelleviUe,  Kan¬ 
sas,  is  now  underway.  Signals  will  be 
transmitted  to  a  dispatcher  at  Kan¬ 
sas  City,  some  160  miles  away. 

Priacipl*  of  OperotioH 

A  small  audio-frequency  oscillator 
is  placed  at  a  remote  point.  The  oscil¬ 
lator  is  tuned  to  a  frequency  there¬ 
after  identified  with  that  point.  When 
a  train  passes,  a  keying  unit  places 
the  oscillator  in  operation.  This  sig¬ 
nal  goes  through  an  isolation  unit 
and  is  then  carried  over  wayside 


WAYSIDE 

WIRES 


ISOLATION 

UNIT 


ISOLATION 

UNIT 


TUNED  A-F 
AMPLIFIERS 


Oscillofor  Uaif 

The  multivibrator-type  audio  os¬ 
cillator  used  for  the  generation  of 
the  sine-wave  signal  placed  on  the 
line  employs  a  voltage-regulating 
transformer  as  both  a  regulating  de¬ 
vice  and  an  isolating  transformer. 
The  tubes  used,  shown  in  Fig.  2,  are 
117LM7*8.  Filaments  are  supplied 
directly  from  the  117-volt  line.  Plate 
voltage  is  supplied  by  the  regulating 
transformer. 
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■Block  dlagrcon  of  tho  OToroU  train-position  indicator  sfstoin  installod  in 
tho  Ticinity  of  Buroou,  nilnois 
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Audio  signals  having  frequencies  identified  with  fixed 
points  along  the  rail  lines  are  transmitted  over  wayside  wires 
to  a  distant  dispatcher.  They  pass  through  selective  filters, 
I  amplifiers,  trigger  tubes  and  relays  to  signal  lamps  and  pens 
which  indicate  and  record  time  of  arrival  and  departure 


Initial  measurements  proved  this 
oscillator  capable  of  power  outputs 
of  plus  15  db,  with  a  hum  component 
40  db  below  zero  level.  The  unit  op¬ 
erated  satisfactorily  on  line  voltage 
changes  from  92  to  130  volts. 

Dispatcher  Uaits 

The  original  dispatcher  unit  starts 
out  with  a  bridging  filter  tuned  to  the 
signal  frequency,  as  shown  in  Fig. 

3.  Input  voltage  is  amplified  by  one 
section  of  a  6SN7.  The  output  of  this 
amplifier  is  rectified  and  applied  to  a 
time-delay  network  and  an  884  thy- 
ratron.  The  negative  voltage  from 
the  rectifier  is  applied  to  the  second 
section  of  the  6SN7  tube,  operated  as 
a  d-c  amplifier. 

Relays  are  so  wired  that  when  a 
signal  of  the  proper  frequency  comes 
in  the  thyratron  fires,  closing  relay  A 
and  operating  a  signal  lamp  and  pen 
which  indicate  and  record  arrival  of 
a  train  at  the  remote  point  Opera¬ 
tion  of  relay  A  also  applies  plate  volt¬ 
age  to  the  d-c  amplifier  triode.  The 
bias  set  up  by  the  incoming  signal  ap¬ 
plied  to  the  d-c  amplifier  grid  allows 
no  current  to  flow  through  the  d-c 
amplifier,  however,  and  therefore  re¬ 
lay  B  remains  open.  When  the  signal 
stops,  indicating  that  the  train  has 
left  the  station,  the  bias  on  the  d-c 
amplifier  disappears  and  relay  B 


closes.  Operation  of  the  signal  light 
and  pen  shows  that  the  train  has  left 
the  remote  point.  Since  this  unit 
might  operate  at  times  when  the  dis¬ 
patcher  is  preoccupied,  signals  are 
held  until  acknowledged.  The  thryra- 
tron  is  brought  back  to  normal  by 
pressing  a  momentary  switch  and  re¬ 
moving  the  plate  voltage. 

The  schematic  of  an  improved  dis¬ 
patcher  unit  starts  off  with  an  input 
filter,  as  shown  in  Fig.  4.  This  filter 
is  matched  to  the  500-ohm  telephone 
line  through  a  transformer  (not 
shown). 

The  output  of  the  filter  is  amplified 


2 — MnltiTibrator-typa  audio  oacUlalor 
cirruH.  On*  of  those  oscillators  is  used  at 
each  remote  point 
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Interior  ol  an  early  three-chonnei  unit  one 
of  two  such  units  used  by  a  dispatcher  at 
Bureau.  Illinois.  The  circuit  for  one  of  the 
channels  is  shown  in  Fiq.  1 


SOtA  30490 


Semi-portable  rack  contaming  plug-in  units, 
typical  of  those  which  will  henceforward 
be  installed  in  dispatchers'  offices 
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FIG.  S — Typical  record  oi  what  is  indicated 
by  recording  pens 


FIG.  3 — The  original  indicating  unit,  show* 
ing  lust  one  oi  three  identical  channels 

by  a  6C5  class  A  amplifier.  The  out¬ 
put  of  the  6C5  is  fed  to  a  second 
filter,  which  gives  increased  discrimi¬ 
nation,  and  to  a  second  amplifier- 
limiter  stage  consisting  of  one 
section  of  a  6SN7.  If  the  incoming 
signal  is  above  a  minus  20  db  this 
stage  operates  on  the  saturation  part 
of  the  curve,  providing  limiter  ac¬ 
tion.  Output  voltage  is  then  fed  to  a 
6H6  rectifier  stage  and  the  positive 
half  of  the  wave  is  applied  to  a  time- 
delay  network.  The  resulting  voltage 
is  applied  to  the  grid  of  an  884  thy- 
ratron. 

When  the  incoming  signal  fires 
the  thyratron,  plate  voltage  is  ap¬ 
plied  to  the  d-c  amplifier  section  of 
the  6SN7.  The  input  signal,  having 
been  rectified  by  the  negative  recti¬ 
fier,  is  also  applied  to  this  tube  as 
bias.  Since  signals  indicating  train 
arrival  and  departure  remain  on 
until  such  time  as  the  thyratron  is 
brought  back  to  normal,  no  relay 
hold-in  circuits  or  interlock  circuits 
are  necessary.  At  such  time  as  the 
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FIG.  4 — The  improTed  indicating  unit,  designed  for  increased  selectirity  and  sensitiTity 


thyratron  stage  is  reset,  both  cir¬ 
cuits  are  again  ready  for  normal  op¬ 
eration. 

In  the  final  model,  the  time-delay 
capacitor  installed  was  a  three-sec¬ 
tion  block,  so  that  additional  time 
could  be  added  or  subtracted  by 
changing  jumper  wires.  This  elim¬ 
inates  the  need  of  major  modifica¬ 
tions  in  the  field. 

A  tjrpical  record  of  what  the  dis- 


A  later,  plug-in  unit.  Use  of  such  units  permits  rapid  adaptation  of  the  system  *o 
accommodate  more  remote  signoliling  points,  and  facilitates  serricing 


patcher  sees  when  the  system  is  in 
operation  is  shown  in  Fig.  5. 

Triggering 

Various  systems  were  used  for 
triggering  the  oscillator  to  put  the 
tone  on  the  line  as  the  train  passed 
the  wayside  station.  One  satisfactory 
system  employed  a  variable-Q  trans¬ 
former.  Two  r-f  coils  were  buried 
in  each  side  of  the  track,  with  a 
transmitter  feeding  one  and  a  re¬ 
ceiver  taking  the  signal  from  the 
other.  As  a  locomotive  passed  be¬ 
tween  these  two  coils,  the  Q  of  the 
transformer  changed,  the  receiver 
signal  dropped  and  a  relay  in  the 
detector  stage  closed,  placing  the 
tone  of  the  audio  oscillator  on  the 
line.  These  units  eliminated  special 
track  circuits.  At  other  locations, 
conventional  signal  relays  and  warn¬ 
ing  bell  relays  have  been  utilized  to 
close  the  circuit. 
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ARRIVES 


DIRECTION 
OF  TRAVEL 


A  SHOWS  ARRIVAL  TIME  AND 
ACKNOWLEDGE  TIME 


B  SHOWS  DEPARTURE  TIME 


Grid-Controlled 
Rectifiers  for  R-F  Heating 

Output  of  vacuum-tube  oscillators  for  industrial  heating  can  be  varied  continuously  by 
controlling  the  plate  voltage.  For  output  ratings  from  5  kw  to  100  kw,  thyratron  recti¬ 
fiers  have  many  advantages  over  power  transformer  priniarv  control  devices 

By  BRUCE  BOYD 

Section  Engineer,  Induntrial  Electronics  JHrision 
WestinghoHse  Electric  Corporation 
Itnltiniore,  Marfilaml 


USERS  of  vacuum-tube  oscillat¬ 
ors  for  industrial  heating  will 
readily  appreciate  the  added  con¬ 
venience  and  flexibility  of  having  a 
smooth,  continuously  variable  con¬ 
trol  of  power  output.  Power  control 
permits  adjustment  of  the  oscillator 
to  different  and  varying  loads  in 
either  induction  or  dielectric  heat¬ 
ing,  provides  precise  synchronizing 
of  heating  rate  and  timing,  and 
speeds  up  adjustment  of  new  loads 
with  unknown  characteristics. 

Nearly  all  industrial  vacuum- 
tube  oscillators  are  supplied  with 
high-voltage  direct  current  from 
rectifiers.  Control  of  the  rectifier 
voltage  offers  a  convenient  means  of 
controlling  the  power  output  of  the 
oscillator.  One  practical  method  of 
control  is  the  variation  of  the  pri¬ 
mary  voltage  input  to  the  rectifier 
transformer.  Another  is  the  use  of 
controlled  thyratron  tubes  in  the 
rectifier  itself.  Both  methods  have 
their  own  best  fields  of  application. 

Control  of  Primary  Voltage 

Primary  voltage  variation  may 
be  achieved  by  using  either  vari¬ 
able-ratio  autotransformers  or  in¬ 
duction  regulators.  These  devices 
are  most  satisfactory  for  manual 
control  of  low-powered  equipment 
(5  kw  output  or  less).  *At  higher 
power  levels  they  become  bulky  and 
expensive.  Thyratron  rectifiers,  on 
the  other  hand,  are  at  a  cost  disad¬ 
vantage  for  generators  up  to  about 
0  kw  output  because  of  the  higher 
tube  cost  and  the  auxiliary  equip¬ 
ment  required.  For  power  output 
ratings  from  5  kw  to  100  kw  the 
thyratron  rectifier  offers  a  saving 


in  space  and  cost  over  transformer 
primary  control  devices  and  at  the 
same  time  has  the  added  advantage 
of  adaptability  to  automatic  process 
control  and  rapid  on-off  cycling. 

To  study  the  principles  of  opera- 


FIG.  1 — Basic  circuit  of  sinqio-phase  hcdf- 
wore  thyratron  rectiiior 


FIG^  2 — Oporotinq  curres  for  a  typical 
thyratron 


tion  for  a  thyratron  power  rectifier, 
consider  first  the  simple  single¬ 
phase,  half-wave  case  shown  in  Fig. 
1.  A  typical  high-voltage  thyratron 
will  ionize  and  conduct  current  dur¬ 
ing  the  positive  half  of  the  a-c  cycle 
obtained  from  the  plate  trans¬ 
former  so  long  as  the  grid  is  biased 
to  a  value  less  negative  than  that 
shown  on  the  certain-conduction 
critical  grid  voltage  curve  in  Fig.  2. 
This  operation  is  the  same  as  for  a 
diode-type  gaseous  rectifier.  In 
fact,  by  removing  the  bias  entirely 
and  connecting  the  grid  directly  to 
the  cathode,  the  tube  may  be  used 
as  a  diode.  If  the  bias  is  made  more 
negative  than  the  no-conduction 
critical  value,  the  tube  will  not  con¬ 
duct  at  all. 

By  making  the  bias  sufficiently 
negative  to  prevent  conduction  and 
then  momentarily  lowering  the  bias 
below  the  critical  value,  conduction 
may  be  started  at  any  time  during 
the  positive  half-cycle  of  plate  volt¬ 
age.  Once  started,  of  course,  con¬ 
duction  continues  until  the  a-c  plate 
voltage  goes  to  zero.  Because  of 
this,  a  short  pulse  may  be  superim¬ 
posed  on  the  bias  to  initiate  con¬ 
duction.  The  phase  of  this  pulse 
with  respect  to  the  plate  voltage 
may  be  shifted  to  start  conduction 
at  any  point  in  the  positive  half¬ 
cycle,  giving  full  control  of  the  aver¬ 
age  rectifier  output  voltage. 

If  the  plate  voltage  is  sinusoidal 
and  the  thyratron  is  fired  at  the  be¬ 
ginning  of  the  positive  half-cycle, 
the  average  d-c  voltage  will  be  0.318 
of  the  peak  a-c  voltage  as  it  is  with 
a  diode  rectifier.  When  conduction 
starts  at  a  point  phased  back  90 
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degrees,  the  average  output  voita>;e 
will  be  half  this  value  or  0.159  of 
the  peak  a-c  voltage.  The  average 
voltage  for  any  amount  of  phase 
back  is  given  by  the  relation 

where  6  is  the  phase  back  angle 
measured  from  the  start  of  the  posi¬ 
tive  half-cycle  of  plate  voltage  to 
the  point  where  conduction  starts. 
This  approximation  neglects  the 
short  interval  at  the  start  and  finish 
of  each  positive  half-cycle  when  the 
voltage,  though  positive,  is  too  low 
to  cause  ionization. 

In  most  practical  cases,  although 
a  short  pulse  added  to  the  bias  will 
give  precise  control  and  require  a 
minimum  of  energy  in  the  grid  cir¬ 
cuit,  a  sine  wave  of  grid  voltage 
may  be  used  instead.  Greater  sim¬ 
plification  may  be  obtained  in  this 
way.  The  grid  circuit  resistance 
must  be  kept  high  enough  to  limit 
grid  current. 

The  simple  half-wave  case  may  be 
easily  extended  to  full-wave  and 
polyphase  rectifiers.  Phase  shift  of 
the  grid  voltage  may  be  obtained  in 
a  variety  of  ways.  A  small  wound- 
rotor  motor  makes  an  ideal  manual 
phase  shifter.  Resistance-reactance 
networks  may  also  be  used.  Substi¬ 
tution  of  a  vacuum  tube  for  one  of 
the  resistance  elements  of  such  a 
network  permits  automatic  control 
by  phototubes,  thermocouples  or 
similar  heat  indicators  for  process 
control.  Keying  the  low-power  grid 
voltage  supply  allows  rapid  cycling 
of  the  full  power  output  for  auto¬ 
matic  repetitive  operations. 

Tkr*«-PlioM  Applicatip« 

A  typical  application  of  the  grid- 
controlled  rectifier  is  shown  in  Fig. 
3,  a  schematic  diagram  of  a  10-kw 
r-f  generator.  A  three-phase  full- 
wave  circuit  is  used  in  this  rectifier 
to  supply  9,500  volts  at  2  amperes. 
Three  type.872-A  diodes  are  used  in 
the  negative  position  and  three 
WL-678  tubes  serve  as  controlled 
thyratrons  in  the  positive  position. 
Since  the  cathodes  of  the  three  thy¬ 
ratrons  are  all  at  the  same  poten¬ 
tial,  a  single  bias  rectifier  may  be 
used.  This  rectifier  is  assembled  on 
a  small  chassis  insulated  from  the 
grounded  metal  frame.  Power  to 
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Dual  tfiyratroa  r*cllfl*r  bank  us«d  in  100-kw  induatriol  r-f  qnnarator 


operate  the  bias  rectifier  is  supplied 
through  an  insulating  transformer. 
Insulation  between  the  high  d-c 
voltage  and  the  a-c  grid  voltage  sup¬ 
ply  is  also  obtained  through  an  in¬ 
sulating  transformer.  A  small 
wound-rotor  motor  is  used  as  a 
!  manual  power  control  and  gives  a 
continuous  adjustment  of  plate  volt¬ 
age  from  zero  to  maximum.  A  small 
relay  may  be  connected  between  the 
phase  shifter  and  the  grid  trans¬ 
formers  for  rapid  on-off  cycling. 
At  this  point  in  the  circuit  the  re¬ 
lay  contacts  have  to  handle  only  15 
milliamperes  at  115  volts. 

Designers  of  thyratron  rectifiers 
sometimes  find  themselves  limited 
by  voltage  or  current  ratings  of 
available  tubes.  This  difficulty  may 
often  be  overcome  by  the  choice  of 
a  suitable  circuit  arrangement.  By 
way  of  illustration,  the  rectifier 
pictured  has  an  output  rating  of 
15  kv  at  18  amp  for  use  with  a 
100-kw  r-f  generator.  Type  WL-41 
tubes  having  an  inverse  and  for¬ 
ward  peak  voltage  of  10  kv  are  used. 
Operation  well  within  ratings  is  se¬ 


cured  by  using  two  completely  sep¬ 
arate  7.5-kv  rectifiers  connected  in 
series.  Separate  plate  transformer 
secondaries,  bias  rectifiers,  and  grid 
transformers  permit  operation  with 
one  rectifier  alone  or  with  both  in 
series.  Phase-shifted  grid  voltages 
for  both  rectifier  banks  are  con¬ 
trolled  by  a  single  manual  phase 
shifter,  thus  assuring  that  both 
rectifiers  will  start  together. 

Advantages  and  Drawbacks 

It  is  seldom  that  the  advantages 
of  any  control  system  are  secured 
without  some  compromises.  In  all 
fairness,  therefore,  mention  should 
be  made  of  the  disadvantages  of 
thyratron  rectifiers.  Aside  from  the 
fact  that  thyratron  tubes  are  more 
expensive  than  phanotrons  of  com¬ 
parable  rating  and  that  a  bias  sup¬ 
ply  and  grid  control  voltage  must  be 
provided,  the  chief  disadvantage  is 
the  waveform  produced  with 
phased-back  operation.  The  shaded 
area  in  Fig.  2  shows  the  shape  of 
the  output  voltage  wave.  This  wave¬ 
form  is  difficult  to  filter  and,  if  not 


filtered,  has  a  peak  voltage  output 
much  higher  than  the  average  volt¬ 
age.  When  the  average  voltage  is 
reduced  to  one  half  its  maximum 
value  by  phasing  back  90  degrees, 
the  peak  voltage  is  still  as  high  as 
the  peak  voltage  at  full  output. 

When  the  waveform  effect  can  be 
tolerated,  and  it  usually  can  be,  a 
number  of  real  advantages  are 
available  from  the  use  of  thyratron 
rectifiers  for  r-f  heating  oscillators. 
A  continuously  variable  manual 
control  from  zero  to  full  power  out¬ 
put  can  be  had  with  a  single  small 
knob  either  on  the  generator  or 
at  a  remote  control  point.  Rapid 
keying  of  full  power  on  repetitive 
loads  is  easily  accomplished  with 
small  relays  or  electronic  devices. 
Automatic  devices  to  maintain  con¬ 
stant  output  or  variable  output  as 
required  for  a  particular  heating 
process  may  be  connected  into  the 
circuit.  High-speed  overload  pro¬ 
tection  may  be  secured  by  operating 
on  the  thyratron  grid  control  cir¬ 
cuits.  This  flexibility  is  not  offered 
by  other  systems  of  power  control. 


B 
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R-f  OUTPUT 


no.  3 — Simplified  schematic  circuit  diagram  of  grid-controlled  rectifier  as  used  with  a  104ew.  450-kc  r-f  generator 
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AIR-FLOW 


Description  of  a  laboratory-type  instrument,  suitable  for  calibrating  of  general-purpost* 
wattmeters.  A  tungsten-filament  dissipative  element  is  inserted  as  the  central  conductor 
in  a  section  of  coaxial  transmission  line.  Temperature  of  air  flowing  past  the  filament  is 

measured  by  means  of  thermopiles 


The  wattmeter  to  be  described,  Hugh  M.  Brown.  Details  of  the  watt-  It  can  be  shown  from  transmission 
designed  to  operate  in  the  30  meter  unit  are  shown  in  Fig.  1.  line  theory  that  the  load  can  be 

centimeter  region,  was  intended  The  dissipative  element  forming  matched  to  the  feeder  if  certain  min- 
chiefly  for  calibration  purposes  and  part  of  the  inner  conductor  of  a  imum  conditions  are  met,  but  that 
for  applications  in  which  accurate  coaxial  transmission-line  system  con-  the  adjustments  will  be  noncritical 
measurements  are  required,  rather  sists  of  a  tungsten  filament  in  an  if  proper  values  of  parameters  are 
than  for  general  use.  evacuated  envelope,  the  latter  being  chosen.  Let 

The  operation  involves  measuring  blackened  on  the  outside  to  convert  R  -f-  jX  =  impedance  of  the  load, 

the  temperature  rise  of  a  stream  of  any  radiant  energy  from  the  filament  Z,  =  characteristic  impedance  of 

air  flowing  past  a  dissipative  ele-  into  heat.  A  shorting  stub  and  ex-  the  extensible  section, 

ment,  the  temperature  rise  being  pro-  tensible  section  are  employed  to  Zoi  =  characteristic  impedance  of 

portional  to  the  dissipation.  match  the  impedance  of  the  unit  to  a  the  extensible  section. 

The  wattmeter  is  used  with  a  coaxial  feeder  and  permit  the  instru-  Z.«  =  characteristic  impedance  of 
coaxial  feeder  and  is  fairly  simple  to  ment  to  be  useful  over  a  considerable  the  stub. 

construct  and  operate.  Its  chief  frequency  range.  Special  care  was  Then  the  necessary  requirement  for 
drawback  is  the  fact  that  several  taken  in  designing  these  matching  matching  is 

minutes  may  be  required  for  a  steady  sections  to  keep  high-frequency  Z*,i  ^  ZoR  if  i?  ^  Z«,<  or  (1) 

state  to  be  attained,  a  requirement  losses  to  a  minimum,  and  to  select.  ^  Z,R  if  i?  ^  (2) 

for  accurate  measurements.  characteristic  impedances  that  make  Z^  having  any  value.  However  the 

The  arrangement  is  a  modification  the  settings  of  these  sections  as  non-  settings  of  the  matching  sections  will 

of  a  plan  conceived  jointly  with  Dr.  critical  as  possible.  become  less  and  less  critical  if  = 
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POWER  IN  WATTS 


FIG.  2 — Typical  calibrotton  cunr*  for  the 
air-flow  wattmeter 
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DISK  SPACER 


^THERMOPILE 
COLD  JUNCTION 


IG.  1 — DetoiU  of  wattmeter  unit.  Disk  spacers  are  made  of  insulating  material 
haring  low  dielectric  loss  ot  ultrahigh  frequencies 


UHF  WATT  METER 


Completely  assembled,  the  unit  readily 
connects  to  a  transmission  line 


1X|,  and  the  equalities  are  ap¬ 
proached  in  Eq.  1  or  Eq.  2  above. 

The  high-frequency  power  dissi¬ 
pated  in  the  load  lamp  can  be  meas¬ 
ured  by  straightforward  calori¬ 
metric  methods ;  however,  it  is  much 
simpler  to  calibrate  the  device  with 
60-cycle  alternating  current.  A  typi¬ 
cal  calibration  curve,  Fig.  2,  verifies 
the  linear  relationship  between 
power  dissipated  and  thermopile 
readings.  Points  on  this  curve  were 
found  to  be  reproducible  to  within 
0.2  watt 

As  was  mentioned  previously,  this 
air-flow  wattmeter  can  be  used  to 
calibrate  or  check  other  ultrahigh- 
frequency  wattmeters.  A  given  w’att- 
meter  may  be  substituted  for  the 
airflow  wattmeter  and  readings  cor¬ 
related,  or  in  the  case  of  a  wattmeter 
that  operates  by  extracting  a  very 
small  fraction  of  the  total  power 
from  the  feeder,  one  may  place  such 
a  meter  between  the  generator  and 
the  air-flow  wattmeter.  Further¬ 
more,  one  may  investigate  the  be¬ 
havior  of  this  type  of  low-level  watt¬ 
meter  when  mismatches  of  various 
magnitudes  and  phases  are  intro¬ 
duced,  An  arrangement  used  for  a 
study  of  this  sort  is  shown  in  Fig.  3. 

The  standing-wave  pattern  was 
observed  by  means  of  the  slotted  line, 
the  magnitude  of  the  mismatch  was 
determined  by  adjustments  on  the 
air-flow  wattmeter  unit,  and  the 
phase  was  varied  by  means  of  an  ex¬ 
tensible  section  of  feeder. 


FIG.  3 — Arrcm90in»nt  used  for  obserring  behorior  of  the  wattmeter.  It  was  found 
thot  it  extrocts  very  little  power  from  a  transmission  line 
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The  Effect  of 

INCIDENTAL 


E#*ct  of  Incidentol  Lotsos 

1.  The  theoretically  infinite  peaks  in  the  attenuation  loss  and  the  reflection  loss 
remain  finite.  The  finite  value  of  the  attenuation  (in  nepers)  at  such  a  peak  is 
given  by  Eq.  25  which  shows  the  effect  of  the  nearness  of  the  peak  to  the  cutoff 
and  the  dependence  upon  Q.  Equation  50  gives  the  finite  reflection  lost  (in 
nepers)  at  its  peak  for  a  filter  with  a  single  in>derived  image  impedance,  ^r 
filters  with  more  complicated  image  impedance,  the  peak  reflection  loss  it  given 
(in  nepers)  by  the  natural  logarithm  of  Eq.  46  or  Eq.  47  according  to  whether 
the  lossless  image  impedance  is  respectively  xero  or  infinite  at  this  point. 

2.  Incidental  losses  cause  the  attenuation  to  be  nonzero  in  the  pass  bend. 
Here  the  phase  it  also  somewhat  different  from  its  lottlett  value.  Equations  14 
and  15  may  be  used  to  compute  the  modified  values  of  attenuation  and  phase 
not  only  within  the  pats  band  but  also  within  the  stop  band  where,  however,  the 
effects  are  less  significant  and  of  less  importance  (except  at  the  peaks  at  already 
mentioned).  Equations  14  and  15  apply  everywhere  except  near  attenuation 
peaks  or  near  the  cutoff  where  the  special  formulas  given  by  Eq.  31  and  32 
must  be  used. 

In  applying  these  results  to  a  composite  filter  the  effect  upon  the  net  attenua¬ 
tion  loss  is  most  expeditiously  computed  by  considering  each  filter  section  sepa¬ 
rately  and  adding  the  losses  thus  found.  The  Q's  of  the  various  sections  need  not 
be  alike.  The  effect  upon  the  reflection  loss  depends  only  upon  the  terminal 
image  impedance  and  hence  involves  only  a  single  calculation  regardless  of  the 
number  of  sections  forming  the  composite  Alter. 


By  E. A. GUILLEMIN 

Department  of  Electrical  Engineering 
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IN  tlie  design  of  filters  it  is  cus¬ 
tomary  to  assume  that  the  net¬ 
work  itself  (apart  from  the  termin¬ 
ating  resistances)  is  lossless.  In 
constructing  the  filter  it  is,  there¬ 
fore,  essential  to  use  coils  and  ca¬ 
pacitors  having  losses  which  are  as 
small  as  practicable  in  order  that 
the  behavior  predicted  by  the  the¬ 
ory  be  at  least  approximately  real¬ 
ized.  Since  the  size,  weight,  and  cost 
of  a  circuit  element  increase  as  its 
incidental  losses  are  reduced,  it  is 
significant  to  know  quantitatively 
the  effect  of  incidental  loss  upon  the 
filter  behavior  in  order  that  a 
satisfactory  compromise  may  be 
achieved. 

It  is  not  necessary  that  one  be 
able  to  calculate  exactly  the  effect 


of  incidental  dissipation  inasmuch 
as  the  design  procedure  used  for 
the  lossless  structure  is  quite  com¬ 
monly  rather  approximate.  Thus,  if 
one  designs  a  filter  on  the  basis  of 
its  attenuation  function  alone,  the 
so-called  reflection  and  interaction 
losses  are  for  the  moment  regarded 


as  being  of  secondary  importance. 
If  the  reflection  losses  are  con¬ 
sidered  at  all,  their  effect  upon  the 
net  insertion  loss  is  usually  re¬ 
garded  as  being  significant  only 
over  the  attenuation  band  where 
the  terminal  conditions  depart  sig¬ 
nificantly  from  the  hoped-for 


FIG.  1 — Signiilconc*  of  inMrtion  ratio,  which  is  ratio  of  load  Toltagos  without  filter 
to  load  Toltage  obtained  with  filter  between  source  and  load 


FIG.  2 — Plots  of  attenuation  factor  and 
phase  for  Eq.  23  and  24 
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DISSIPATION  in  FILTERS 

Where  exact  predictions  of  filter  performance  are  necessary,  account  must  be  taken  of  the 
losses  in  the  network  components.  The  paper  presents  a  method  of  ascertaining  the  effect 
of  these  losses  on  propagation  factor,  reflection  factor  and  interaction  factor 


matched  condition.  The  interaction 
losses  are  rarely  regarded  to  be  of 
sufficient  importance  to  warrant 
their  consideration  in  the  design 
calculation.  In  cases  where  such  pro¬ 
cedures  are  inadequate  it  is  better 
to  abandon  the  conventional  meth¬ 
ods  entirely  and  design  for  inser¬ 
tion  loss  directly.  The  conventional 
methods,  then,  are  primarily  suited 
to  situations  where  the  prediction 
of  exact  performance  is  unessential. 
In  such  cases  the  conventional 
methods  are  greatly  to  be  preferred 
because  of  their  comparative  sim¬ 
plicity. 

The  present  discussion  relative 
to  the  effect  of  incidental  dissipa¬ 
tion  applies  specifically  to  the  inter¬ 
pretation  of  filter  behavior  accord¬ 
ing  to  the  conventional  methods, 
whence  it  is  consistent  to  adopt  the 
point  of  view  that  these  effects  need 
be  determined  only  to  a  first  order 
of  approximation.  The  simplicity  of 
the  resulting  formulas  reveals  the 
appropriateness  of  this  attitude. 

iRtertion  Lost 

Before  proceeding  with  the  theo¬ 
retical  discussion  it  is  essential  to 
recall  the  expression  for  insertion 
loss.  With  reference  to  Fig.  1,  the 
insertion  ratio  is  defined  as  E,yE,; 
that  is,  as  the  ratio  of  the  load  volt¬ 
age  that  would  be  obtained  without 
j  the  filter  (Fig.  IB)  to  the  load  volt¬ 
age  that  results  when  the  filter  is 
inserted  between  the  source  and 


load  resistances  R  (Fig.  lA).  It  is 
implied  here  as  usual  that  the  filter 
is  electrically  symmetrical  with  re¬ 
gard  to  its  input  and  output  ter¬ 
minals. 

Denoting  the  image  impedance  of 
the  filter  by  Zo,  and  its  normalized 
value  by  Zo  =  Zo/R,  the  reflection 
coefficient  common  to  both  terminal- 
pairs  becomes 


Writing  for  the  propagation  func¬ 
tion  Y  =  a  +  ip,  where  a  and  p  are 
respectively  the  attenuation  and 
phase  functions,  the  insertion  ratio 
reads 

Ei'/Ei  =  ey{l-  r*)-«  (1  -  (2) 

It  is  customary  to  refer  to  the 
separate  factors  in  this  expression 
as  follows: 

e')'  =:  propagation  factor 

(1  —  r*)~^  =»  reflection  factor  (both  ends) 

(1  —  r*e~*a)  as  interaction  factor. 

With  reference  to  the  factor  (1  — 
r*)"'  it  may  be  well  to  recognize  that 

(l-r»)--[i(V5+;^)J  (3) 

the  quantity  in  the  square  bracket 
being  the  more  familiar  expression 
for  the  reflection  factor  at  one  end 
of  the  network. 

Ordinarily  the  propagation  factor 
is  of  first  order  importance  in 
the  insertion  ratio  expression,  while 
the  reflection  and  interaction  fac¬ 
tors  are  regarded  as  being  of  second 
order.  One  might,  therefore,  con¬ 
sider  it  worth  while  to  determine 


the  effect  of  incidental  dissipation 
only  upon  the  factor  e^.  After  some 
reflection,  however,  one  recognizes 
that  this  conclusion  is  not  quite 
correct  since  there  are  some  critical 


Table  I — Symbols  used  in  this 
Article 


Z#  =  image  impedance 
R  =  source  or  load  resistance 
Zo  =  Zo//?  =  normalized  value  of 
the  im^e  impedance,  or  the 
image  impedance  referred  to 
a  one-ohm  level 

r  =»  reflection  coefficient  (com¬ 
mon  to  both  ends  since  a 
symmetrical  network  and 
equal  source  and  load  resist¬ 
ances  are  implied) 

E'tfEi  =  insertion  ratio  (voltage) 

7  =  a  -1-  j/3  =*  propagation  func¬ 
tion  (or  constant) 
a  =  attenuation  function  (or  con¬ 
stant) 

/3  =  phase  function  (or  constant) 
e  =  base  of  natural  logarithms 
=  propagation  factor 
e<*  =  attenuation  factor 
In  =*  natural  logarithm 
•  =  distinguishes  €my  quantity 
»  when  the  effect  of  loss  is  in¬ 

cluded 

X  *=  ///,  =  0,/u.  =  ratio  of  any 
frequency  to  the  cutoff  fre¬ 
quency  of  the  filter  (assumed 
low  pass) 

w*  =  2t/*  =  frequency  of  (theo¬ 
retically)  infinite  attenuation 


™  fw/fc 

uniform  combined  Q  of  coils 
and  capacitors 

Qe  =»  0  (or  u  =  w*;  (?o  =*  (?  for  w 


(tfo:  etc. 

m  =*  constant  appearing  in  Zobel’s 
theory  of  m-deriv^  filters 
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FIG.  3 — Attenucttion  curre  of  notwork  for 
two  Tolues  of  Q;  m  =  0458 


FIG.  4 — Attenuation  curre  of  network  for 
two  ralues  of  Q;  m  =  0.866 


frequencies  (such  as  the  cutoff  fre¬ 
quency  or  the  zeros  or  poles  of  Zo) 
at  which  the  values  of  (1  — 
and  (1  —  r*e‘*^)  are  important.  The 
latter  factor  is  not  important  in  the 
attenuation  range  where  a  is  large 
or  in  the  transmission  range  where 

=  1  and  hence  r  ^  0;  but  neither 
of  these  conditions  obtain  in  the 
immediate  vicinity  of  the  cutoff  fre¬ 
quency.  Here  the  combined  factor 
(1  —  r*)'*  (1  —  must  be  con¬ 

sidered  and  the  question  as  to 
whether  the  effect  of  incidental  dis¬ 
sipation  upon  its  values  may  be  sig¬ 
nificant,  must  be  more  carefully  in¬ 
vestigated. 

The  factor  (1  —  r*)‘Ms  not  im¬ 
portant  over  the  transmission  range 
where  2o  =  1  and  r  ^  0,  but  in  the 
attenuation  range  where  Zo  is  imag¬ 
inary  the  conventional  analysis 
shows  that  this  factor  introduces  a 
maximum  negative  loss  of  about  6 
db  wherever  \Zo\  =  1,  and  an  infinite 
positive  loss  wherever  Zo  is  critical 
(has  a  zero  or  a  pole) .  One  may  con¬ 
clude  that  it  is  not  essential  to  con¬ 


sider  the  effect  of  incidental  dissi¬ 
pation  in  this  factor  except  at  the 
critical  frequencies  of  z^  Here  this 
effect  is  definitely  of  importance  be¬ 
cause  it  limits  the  reflection  loss  to 
a  finite  value  which  must  be  deter¬ 
mined. 

To  summarize  the  discussion  so 
far,  one  may  say  that  the  effect  of 
incidental  dissipation  upon  the  in¬ 
sertion  ratio,  Eq.  2,  should  be  in¬ 
vestigated  for 

over  the  entire  frequency  range 

(1  —  r*)~*  at  the  critical  frequencies  of 
Zo  only 

(1  —  r*)~‘  (1  —  at  the  cutoff  fre¬ 

quency  only 

In  the  following  paragraphs  these 
items  are  considered  in  the  order 
given. 


TIm  PropogotioB  Fanction 


Filters  to  which  the  present  dis¬ 
cussion  is  pertinent  are  designed 
without  regard  for  the  resulting 
phase  characteristic;  that  is,  the 
attenuation  requirement  is  of  pri¬ 
mary  importance.  In  such  cases  any 
desired  result  may  be  obtained  by 
cascading  a  suitable  number  of  sim¬ 
ple  m-derived  structures  with  ap¬ 
propriately  chosen  rw-values.  It  is 
significant  to  observe  in  this  con¬ 
nection  that  the  effect  of  incidental 
dissipation  upon  the  resultant  at¬ 
tenuation  and  phase  shift  depends 
only  upon  the  form  of  the  propaga¬ 
tion  function  and  not  at  all  upon  the 
structure  of  the  network  or  upon 
the  form  of  the  image  impedance. 
If,  for  the  purpose  of  calculating 
the  effect  of  incidental  dissipation, 
one  assumes  a  specific  network  con¬ 
figuration,  the  results  are  not  re¬ 
stricted  in  their  application  to  that 
structure  but  apply  equally  well  to 
any  other  configuration  having  the 
same  propagation  function.  Since 
the  overall  attenuation  loss  is  addi¬ 
tive,  the  consideration  here  may  be 
restricted  to  a  single  w-derived 
filter  constituent,  for  which  the 
propagation  function  is  given  by 
the  expression 


7 


In 


yo  + 1 
Vo  -  1 


in  which 


(4) 


(x*  -  1)1/*  _  (1  -  x*)i/* 
l/o  —  -  —  - : - 

mx  jmx 


(5) 


For  the  low-pass  filter 

X  =  w/«e  f/fc  (6) 

where  /« is  the  cutoff  frequency.  The 
analysis  pertinent  to  the  band-pass 
and  other  filter  classes  may  be  ob¬ 


tained  by  making  appropriate  fre¬ 
quency  transformations.' 

The  basis  for  the  approximate 
consideration  of  incidental  losses  is 
given  by  the  statement^  that  if  the 
function  z  (;<«>)  is  the  driving  point 
impedance  of  a  lossless  network 
then  z(j(a  -f  S)  =  z*(jio)  is  approx¬ 
imately  the  impedance  of  the  corres¬ 
ponding  uniformly  dissipative  net¬ 
work,*  where 


is  the  average  uniform  dissipation 
ratio.  The  asterisk  is  here  used  to 
designate  the  dissipative  function, 
not  the  conjugate  value.  The  process 
applies  in  unaltered  form  also  to 
admittances  and  propagation  func¬ 
tions. 

The  propagation  function,  accord¬ 
ing  to  Eq.  4  and  5,  is  a  function  of 
the  frequency  variable  jx.  If  the 
propagation  function  of  the  cor¬ 
responding  uniformly  dissipative 
network  is  denoted  by  one 

has 


7*  (jx)  =  y  (jx+  6/uc)  (8' 

and  a  Taylor  expansion  about  the 
point  8  =  0  yields 


y*(jx)  =  y(jx)  -  j  —  - 

umi)'-  ■  “* 


According  to  Eq.  4  and  5  the  deriva¬ 
tives  appearing  here  are  found  to  be 


dy  _  2m 

dx  “  II  -  (1  -  m*)x*l(x*  -  1|»/* 


(10) 


2  mx  (1  -h  2(1  -  m*)  -  3(1  -  m«)x*l 
11  -  (1  -  m»)x»p  (X*  -  !)»/>  ^  ^ 

m 

Substitution  of  these  expressions 
into  Eq.  9  yields  the  desired  results. 

Before  carrying  out  this  step  it  is 
useful  to  observe  according  to  Eq. 


7  that 

2S  _  R  0  _  ^ 

0)t  Lo)e  Cut  Qe 


(12) 


where  Qc  is  a  quantity  which  meas¬ 
ures  the  quality  of  the  coils  and 
capacitors.  The  tacit  assumption  in 
the  approximate  analysis  used  here 
is  that  the  Q-values  are  the  same 
throughout  the  network.  However, 
if  the  filter  is  realized  as  a  cascade 
of  component  networks  then  it  is 
clear  that  the  contribution  (to  the 
total  attenuation)  of  a  given  com¬ 
ponent  depends  only  upon  the  Q- 
values  of  that  component.  If  the 
capacitors  are  essentially  lossless 
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lajj  may  usually  be  assumed),  Qc 
is  the  familiar  expression  for  the  Q 
of  the  coils  evaluated  at  the  cutoff 
frequency. 

In  Eq.  10  and  11  it  is  expedient 
to  introduce  the  frequency  of  in¬ 
finite  attenuation  by  means  of  the 
relation  (applying  to  w-derived  fil¬ 
ters) 


(ss.  sz  X  =  ^ 

/e  "  (1  -  m*)»/* 


(13) 

With  the  use  of  these  relations,  sub¬ 
stitutions  of  Eq.  10  and  11  into  Eq. 
9,  and  subsequent  separation  into 
real  and  imaginary  parts  yields  the 
following  results  for  the  attenua¬ 
tion  and  phase  functions  of  the 
dissipative  filter 

a*  =  A{x);  ] 

for  X  <1  (pass  band) 


a*  =a  +  B(x);  /8*  =  ^  —  A(x) ; 
for  X  >1  (stop  band)  J 

where 

4(x)  =  _ _ 

‘  ^  Q«ll  -  -  xVx*») 

wxl3(l  —  x-/x*„)  —  2m*] 


^  (14) 


(15) 


(x  -  X, 


(lb) 


Denoting  the  corresponding  func¬ 
tion  for  the  dissipative  network  by 
y*  (jx),  and  following  the  pattern 
of  Eq.  8  and  9  pertaining  to  the 
propagation  function,  yields  the 
analogous  relations 


Vo*  (jx)  =  2/0 


0^+L) 


».•(>*)  =  ift.(j»-i(^")£- 


2  Vrfar*/ V<-c/ 


+ 


(17) 


(18) 


40**11  -  x*l*'*(l  -  x*/x*„)* 

X  in  Eq.  13.  In  the  relations  of 

a> 

Eq.  14,  a  and  are  the  attenuation 
and  phase  functions  of  the  lossless 
structure. 

These  results  are,  of  course,  not 
applicable  to  points  in  the  immedi¬ 
ate  vicinity  of  the  cutoff  (a:  =  1)  or 
to  points  in  the  vicinity  of  the  in¬ 
finite  attenuation  peak.  For  these 
regions  it  is  necessary  to  derive 
special  relationships.  It  is  observed 
that  the  effect  of  dissipation  is  to 
add  correction  terms  to  the  attenua¬ 
tion  in  the  pass  band  and  to  the 
phase  in  the  stop  band  which  are* 
inversely  proportional  to  the  first 
power  of  Q„  while  the  corrections 
to  a  in  the  stop  band  and  to  fi  in  the 
pass  band  are  of  second  order  since 
they  are  inversely  proportional  to 
Qe*.  It  should  also  be  observed  that 
the  correction  terms  are  increased 
as  the  frequency  of  infinite  attenua¬ 
tion  is  moved  closer  to  the  cutoff 
(x^  — >  1).  The  results  apply  also  to 
the  constant-A:  filter  since  the  latter 
is  obtained  for  m  =  1  or  x  =  «. 


Here  only  the  first  two  terms  of 
the  Taylor  expansion  are  needed. 
Use  of  Eq.  16  thus  gives  for  the 
vicinity  of  the  point  x  =  x 

(19) 

According  to  Eq.  5,  6,  and  13,  the 
derivative  of  y„  appearing  here  is 
found  to  have  the  value 

(^\  ^ _ j _ 

x^{x-^  —  1) 
so  that  Eq.  19  becomes 


(20) 


(x-xj-j  — 

ito’  =  I  -(  — , . — j,- 
Xco  (X-^  -  1) 

The  desired  behavior  of  the  prop¬ 
agation  function  for  the  vicinity  of 
the  point  x  =  x^  is  obtained 
through  substitution  of  this  value 
of  Vo*  into  Eq.  4  in  place  of  j/o  (and 
denoting  the  result  by  y*).  In  con¬ 
nection  with  this  step  it  should  be 
observed  that  the  fractional  term 
in  Eq.  21  has  a  value  small  com¬ 
pared  to  unity  throughout  the  fre¬ 
quency  range  of  interest  here  and 
that  this  term,  therefore,  while  sig¬ 
nificant  in  the  evaluation  of  yo*  —  1, 
may  be  ignored  in  considering  the 
value  of  yo*  +  1.  Making  use  of  the 
relation  expressed  by  Eq.  12  (with 
(0,.  replaced  by  ),  one  thus  ob¬ 
tains  the  result 


4g„(x='„  -  1) 


I  \^CD  '  j 


(22) 


Separation  into  real  and  imaginary 
parts  gives 


The  Attenaation  Peak 

j  4g„  (x*„  - 

'} _ 1 

The  effect  of  dissipation  in  the 

^  ;  r  1  -}-  ti?**  (  —  - 

')]  1 

vicinity  of  the  infinite  attenuation 

^  L  \  ^00 

peak  is  considered  next.  Since  this 

(23) 

is  the  frequency  at  which  the  quan¬ 

and 

tity  yo  of  (Eq.  5)  passes  through 

/3*  =  '  -  tan-»  r2g,,  (  ^  - 

-  l)l  (24) 

unity,  one  may  write  for  this  vi¬ 

2  L  Var» 

/J 

cinity 

Plots  of  the  functions  c®*  and  /3* 

are  shown  in  Fig.  2  for  assumed 
values  of  Q  00  =  50  and  x  „  =  5/4, 
(wi  =  0.6).  In  contrast  to  the  be¬ 
havior  of  the  lossless  network  it  is 
observed  that  the  attenuation  (a*) 
remains  finite  at  the  point  x  =  x 
and  the  phase  (p*)  varies  continu¬ 
ously  from  the  value  to  zero  in¬ 
stead  of  having  a  discontinuity  at 
this  point.  Equations  23  and  24  are, 
of  course,  applicable  only  to  fre¬ 
quencies  in  the  immediate  vicinity 
of  the  attenuation  peak.  Of  pri¬ 
mary  interest  is  the  value  of  this^ 
peak,  that  is 

a*n.«x  =  In  14Q„  (x=„  -  l)j  (25) 

As  might  have  been  expected, 
this  value  increases  with  and 
decreases  as  the  theoretically  in¬ 
finite  attenuation  peak  is  moved 
closer  to  the  cutoff ;  that  is,  as  the 
value  of  X  ^  approaches  unity  (the 
value  of  771  approaches  zero).  The 
purpose  of  using  an  w-derived  sec¬ 
tion  with  a  value  of  near  unity 
is  to  obtain  a  rapid  increase  in  at¬ 
tenuation  beyond  the  cutoff.  One 
observes  that  unless  the  value  of 
Q  is  sufficiently  large,  how'ever, 

oo 

the  desired  effect  cannot  be  real¬ 
ized.  Equation  25  presents  a  sim¬ 
ple  means  for  controlling  the 
significant  factors  in  a  contem¬ 
plated  design. 

Behavior  at  the  CatofF 

At  the  cutoff  X  =  I  and  the  value 
of  2/0,  according  to  Eq.  6,  is  zero. 
One  may  expect  that  the  effect  of 
incidental  dissipation  is  to  yield  a 
function  yj*  having  a  nonzero  value 
at  the  cutoff.  It  is  reasonable  to 
assume,  however,  that  this  value  is 
small  compared  to  unity  so  that 
one  may  use  the  approximation^ 

yo*  -H  1 


-  (1  +  2yo*) 


(26) 


Vo*  —  1 

and  hence,  according  to  Eq.  4,  ob¬ 
tain  for  the  value  of  the  propaga¬ 
tion  function  at  the  cutoff 
7e*  =  In  (1  -f  2yo*)  -\-jir^2y')*  +jr  (27) 
To  obtain  the  desired  value  of 
1/0*,  it  is  convenient  first  to  write 
Eq.  5  in  the  form 


_  [1  +  (^)»r 

I/O - : - 

jmx 


(28) 


whence  yo*  is  had  through  replac¬ 
ing  jx  by  jx  Vwe*  Since  the  de¬ 
nominator  in  Eq.  28  does  not  behave 
critically  in  the  vicinity  of  the  point 
X  =  1,  it  is  moreover  essential  only 
to  replace  jx  by  jx  -f  in  the 
numerator,  and  since  (jx  5  'o>,)* 
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= —X* 2jx(d/uif) ,  one  has  for 
x  =  l 

*  U  2h/u>,y^^  _ 1 _ 

im  mUQ.)'» 

in  which  Eq.  12  is  also  used.  Sub¬ 
stitution  of  this  result  into  Eq.  27 
yields  the  desired  value  of  the 
propagation  function  at  the  cutoff, 
thus 

Separation  into  real  and  imaginary 
parts  gives  the  formulas 

•  /  2 

wV<?r/  -  l)y 

(nepers)  (31) 

and 

^  1/2 

=  ,  -  _  (radians)  (32) 

For  m  =  0.6  =  5/4),  and  Q, 

=  50,  one  finds  %*  =  1/3  neper  or 
2.9  db  and  jg*  =  z  —  1/3  radians  or 
161  degrees.  It  is  significant  to  ob¬ 
serve  that  the  choice  of  a  small 
value  (attenuation  peak  near  the 
cutoff)  yields  a  larger  attenuation 
at  the  cutoff  and  thus  partially  de¬ 
feats  the  purpose  for  which  such  an 
7W-derived  section  is  normally  used 
unless  the  factor  Q*  can  be  made 
large  enough. 

ReHectioa  Lott  ot  tbo  Critical 
FroqHORciot  of  Iq 

Since  the  complete  filter  struc¬ 
ture  to  which  the  present  discussion 
is  relevant  may  be  a  composite  one 
having  a  fairly  elaborate  image  im¬ 
pedance  at  its  input  and  output 
terminals,  it  is  necessary  to  assume 
for  Zo  an  expression  of  the  form 

(1  -X*/*»,)(1-X*/X*4)... 
Inasmuch  as  the  reflection  factor 
reads  (1  — r*)"*  and  according  to 
Eq.  1 

it  is  clear  that  the  end  results  are 
the  same  whether  Eq.  38  or  its  re¬ 
ciprocal  is  used  for  z^;  that  is,  it  is 
immaterial  whether  Zo  is  assumed 
to  be  midseries  (as  in  Eq.  33)  or 
midshunt. 

The  critical  frequencies  of  Zo  are 
those  corresponding  to  x  =  x^,  x», 
.  .  .  etc.  At  these  points  either  Zo 
or  1/Zo  becomes  zero.  In  the  vicinity 
of  these  points  the  value  of  r“  ac¬ 
cording  to  Eq.  34,  may  be  evaluated 
considering  Zo  or  1/Zo  to  be  small 
compared  to  unity,  thus  obtaining 
either 


r*  =  1  -  4zo,  (for  x  =  ij,X4,  .  .  .)  (:{5) 

or 

=  1  —  4/2o,  (forx  =»  Xt^,  .  .  .)  (36) 

The  reflection  factor  may,  for  these 
vicinities,  be  represented  by 

(1  -  r*)-*  =  1/42*,  (for  X  =  xs,X5, . . .)  (37) 
or 

(1  -  r*)-‘  =  2o/4,  (for  x  =  X2,X4, .  . .)  (38) 
The  next  step  is  to  replace  z*  in 
these  expressions  by  the  corre¬ 
sponding  dissipative  function  Zo*, 
which  is  accomplished  in  the  usual 
manner  through  use  of  the  approxi¬ 
mate  relation 


2o*(yx)  =  2o  ^  jx  -H  = 

^(ix)-j(^)A  + 


according  to  whether  z*  or  1/Zo  is 
zero  at  the  point  in  question.  Use 
of  Eq.  33  yields 

^  _i r  ^  1 

X*  Ll  -  x*/x**J 
for  ik  =  3,  5,.. .  (41) 


.  -  ^ 

l/*o  “1 

}  L 

1  -  xVx*  J 

for  fc  =  2,  4, . . 

FIG.  5 — Forms  of  single  m-derleed 
sections 


•OiO 


Writing  (by  analogy  to  Eq.  12) 

25  1 

'«> 

one  thus  finds 

^  [l  -^/x»J 

for  fc  —  3,  5, . .  .  44 1 

and 

-L  -  j  r  1/^  1 

20*  -  xVx*J^.^ 

for  fc  =  2,  4,. ...  (45) 

Substitution  of  these  expressions 
into  Eq.  37  and  38  respectively 
yields  the  desired  results  for  the 
reflection  factor  of  the  dissipative 
network  at  the  critical  frequencies 
of  Zo,  thus 

L  »  J 

for  fc  =  3,  5, . . .  (46) 


(1  -  =  f.[l 


—  x*/x*t' 


for  fc  *  2,  4 .  (47) 

As  an  illustration  one  may  con¬ 
sider  Zo  to  be  the  midseries  image 
impedance  of  the  single  shunt- 
derived  filter;  that  is 
^  (1  -  x«)^/« 

(1  -  x*/xS) 

Then  Eq.  47  gives 

/t  -SX*'  _  Qt  /•»  «\t/«  /to. 


(X*,  -  !)>/* 


FIG.  6 — Doublo  m-dorlTod  soctions  obtained 
through  performing  a  second  m-deriTOtion 
upon  networks  of  Fig.  SB  or  C 


The  reflection  loss  at  this  point  is 

In  (x*j  —  l)'^*^  nepers  (.50) 

In  this  simple  filter  section  the 
critical  frequency  x,  is  controlled 
by  the  value  of  m  chosen  for  the 
determination  of  z  ,  so  that  one 

CD 

has  in  this  case  z,  =  z  ;  that  is, 
the  peak  in  the  attenuation  loss 
coincides  with  the  peak  in  the  re¬ 
flection  loss.  The  net  loss  at  this 
point  is  given  by  adding  the  results 
expressed  by  Eq.  25  and  50,  thus 
net  loss  =  In  l4Qoft  (x®*  ~  1)1 

In  (»•.  -  l)*^] 

=  (x**  —  1)*^  nepers  (51) 

For  the  numerical  values :  Q  •  =  50. 

=  5/4  (m  =  0.6)  one  has 

net  loss  =  In  112.5  In  9.37  = 

In  1,054  (52) 

or  in  decibels 

net  loss  =  41  -1-  19 .4  =  60 .4  db  (53) 
While  the  contribution  due  to  the 
reflection  loss  is  moderate,  it  never¬ 
theless  is  a  significant  help  toward 
providing  a  satisfactory  peak  loss 
particularly  when  z  is  chosen 


near  unity.  This  fact  is  clearly 
appreciated  from  a  comparison  of 
the  resultant  loss  as  expressed  by 
Eq.  61  with  that  provided  by  the 
attenuation  function  alone,  Eq.  25. 

Combined  R*ll«efioii  and  liit*roetioN 
Factor  at  Catoff 


This  factor  reads 
1  —  r*e 
^  “  1  -  r* 

with  r*  given  by  Eq.  34,  and 


(54) 


as  is  evident  from  inspection  of 
Eq.  4.  According  to  Eq.  33,  Zo  in  the 
vicinity  of  the  cutoff  (x  =  1)  is 
very  small,  and  hence  r*  may  be  ap¬ 
proximated  by  Eq.  36.  The  function 
2/o,  according  to  Eq.  5,  is  also  very 
small  in  this  vicinity  and  hence  one 
may  use  the  approximation 

r  1  -  4yo  (56) 

so  t  hat 

-  1  -  4  (y,  +  z,)  (57) 


Thus  an  approximate  expression 
for  Ff  useful  for  the  vicinity  of  the 
cutoff,  becomes 

^  =  ^±J*  =  1  +  (58) 

Although  both  2/0  and  become 
zero  at  the  cutoff,  their  ratio  is 
finite.  For  example,  using  Eq.  6 
for  i/v  and  Eq.  48  for  Zo  gives 

f  *  1  -f  ~  (59) 

^Tf%3C 

If  X  =  x«,  this  expression  becomes 
for  *  =  1 

y  ,  1  _  -  1  -  i  (1  -  x,-*)^*  (60) 

Since  this  result  for  the  nondis- 
sipative  network  is  finite  while  the 
attenuation  at  the  cutoff  is  zero 
unless  the  effect  of  dissipation  is 
considered,  one  may  conclude  that 
the  incidental  dissipation  has  a 
second  order  effect  upon  the  factor 
F  and  should,  therefore,  be  neg¬ 
lected  inasmuch  as  the  effect  of 
dissipation  upon  y  at  the  cutoff 
has  been  evaluated  to  a  first  order 
only. 


lllattrafioNs 


Figures  3  and  4  illustrate  the 
resulting  formulas  given  by  Eq.  14, 
15,  23,  and  25  for  several  different 
values  of  Q  and  x  or  m.  Each 

m 

figure  shows  a  pair  of  low-pass  at- 
tenuation-versus-frequency  curves 
for  the  same  value  of  or  m  but 
for  Q'b  of  25  and  50.  Specifically 
these  figures  indicate  the  appear¬ 


ance  of  attenuation  curves  for  x  ^ 

=  9/8  (m  =  0.458),  and  x  ^  =2 
(m  =  0.866)  respectively. 

These  attenuation  curves  are 
those  obtained  from  physical  com¬ 
ponent  networks  whose  theoretical 
propagation  functions  are  given  by 
Eq.  4  and  6  regardless  of  the  corre¬ 
sponding  image  impedance.  For 
example,  a  component  network  may 
be  any  one  of  the  familiar  forms  of 
single  rw-derived  sections  shown  in 
Fig.  5.  Alternately  the  component 
network  may  be  the  shunt  deriva¬ 
tion  of  the  network  of  Fig.  5C  as 
shown  in  Fig.  6A ;  or  it  may  be  the 
corresponding  midseries  section 
shown  in  Fig.  6B.  Again  one  might 
consider  the  series  derivation  of  the 
network  of  Fig.  5B  as  shown  in 
Fig.  6C,  or  the  corresponding  mid¬ 
shunt  form  shown  in  Fig.  6D.  All 
of  these  networks  have  fundamen¬ 
tally  the  same  attenuation  function, 
namely  one  having  a  single  attenu¬ 
ation  peak  as  given  analytically  by 
Eq.  4  and  5.  It  is  important  to 
recognize  that  the  effect  of  inci¬ 
dental  dissipation  upon  the  result¬ 
ing  attenuation  function  depends 
only  on  the  uniform  dissipation 
ratios  R/L  and  G/C  and  not  at  all 
upon  the  network  configuration  or 
the  number  of  inductances  or  ca¬ 
pacitors  involved  in  the  particular 
filter. 

Figure  7  illustrates  the  resulting 
insertion  loss  obtained  from  cas¬ 
cading  two  sections  like  the  one 
shown  in  Fig.  5A  or  two  sections 
like  the  one  shown  in  Fig.  5D,  with 

=  9/8  and  x^  =  2  respectively. 
The  component  network  for  x  ^  = 
9/8  is  assumed  to  have  a  Q  of  50 
while  that  for  x  =  2  is  assumed 

CD 

to  have  a  Q  of  25,  the  point  being 
that  a  higher  Q  is  needed  for  that 
component  network  having  its  at¬ 
tenuation  peak  nearer  the  cutoff. 
The  insertion  loss  shown  in  Fig.  7 
is  calculated  by  adding  to  the  sum 
of  appropriate  curves  of  Fig.  3  and 
4  the  reflection  and  interaction 
losses  of  the  lossless  constant-fc 
filter  calculated  according  to  estab¬ 
lished  methods,  the  effect  of  dissi¬ 
pation  upon  the  latter  being  neg¬ 
ligible  (the  only  peak  in  the 
reflection  loss  in  this  case  occurring 
at  infinite  frequency). 

Baad'patt  PHtars 

In  dealing  with  band-pass  filters 
it  is  customary  to  make  all  calcula¬ 


tions  in  terms  of  the  so-called 
equivalent  low-pass  filter  which  is 
obtained  by  simply  regarding  the 
midband  frequency  of  the  band 
pass  as  the  origin  of  the  frequency 
scale  for  the  low  pass.  This  pro¬ 
cedure  is,  of  course,  valid  only  when 
the  band  width  is  small  compared 
to  the  midband  frequency,  but  a 
large  number  of  practical  cases  are 
thus  accommodated. 


FIG.  7 — InMrticm  Ion  of  a  compo^te  filter 
consiating  of  two  lingle  m-deriyed  sectionB 
in  cascade  haring  the  rolues  m  =  0.458 
and  0.866  and  P's  of  50  and  25  respec- 
tirely 


It  is  clear  that  the  cutoff  fre¬ 
quency  u>e  of  the  low  pass  is  the 
equivalent  of  half  the  bandwidth 
of  the  band  pass.  If  the  bandwidth 
of  the  band  pass  is  denoted  by  w 
and  the  midband  frequency  by  u>*, 
one  observes  that  Eq.  12  for  the 
band  pass  becomes 

,6.) 

to/Z  «o  v,  tp  /  w 
Hence  in  applying  the  preceding 
formulas  to  a  band-pass  filter  one 
must  recognize  that  the  pertinent 
Q  is  Qo  multiplied  by  the  factor 
w/2too,  Qo  being  the  value  appropri¬ 
ate  to  the  band-pass  structure  at 
its  midband  frequency.  Since  io/2o>o 
is  small,  it  is  clear  that  the  band¬ 
pass  structure  must  have  a  mudi 
larger  Q  (at  its  mean  frequency) 
for  the  net  results  to  be  comparable 
to  those  of  an  equivalent  low-pass 
filter. 


References 

(1)  Ouillemin,  E.  A..  “ComuuinicstioD 
Networks”,  John  Wiley  and  Sons,  Inc.,  Vol 
II,  p  420. 

(2)  loc.  olt.  p  445. 


ELECTRONICS  —  October,  1946 


135 


I- 


0005 


Multivibrator  Circuits 


Ba8ic  types  presented  for  convenient  reference,  with  characteristics  of  each,  waveforms 
at  different  points,  frequency-determining  equations,  and  representative  values  of  com¬ 
ponents.  Three  methods  of  injecting  synchronizing  signals  are  shown 


OUTPUT 

VOLTAGE 


SQUARE-WAVE  MULTIVIBRATOR  —  Addi- 
tioii  of  resistors  Rf,  to  the  symmetrical 
circuit  results  in  a  plate-Toltage  ware- 
form  which  is  approximately  a  square 
ware.  The  frequency  of  oscillation  is 
affected  only  slightly  by  the  addition  of 
these  rectors 


CATHODE. COUPLED  MULTIVIBRATOR— 
This  circuit  is  particularly  adopted  to  syn- 
dironizortion.  and  the  output  roltoge  can 
be  used  without  disturbing  the  circuit  oper- 
otion.  As  a  free-running  multiribrotor,  the 
frequency  tends  to  be  erratic 
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SYMMETRICAL  MULTIVIBRATOR  —  Grid 
returns  are  made  to  the  cathodes.  This  Is 
a  basic  form  of  the  multiribrcrtor  in  which 
corresponding  circuit  elements  used  in  con- 
iunctioq  with  the  two  tubes  are  identical. 
The  frequency  depends  chiefly  upon  the 
time  constant  and  in  most  coses  thu  can 
be  simplified  to  RqCc  with  little  error.  For 
grid  returns  to  the  cathodes  as  shown,  the 
frequency  is  approximately  0.2/RoCc.  but 
it  also  depends  to  a  small  extent  on  the 
tube  characteristics  and  the  supply  Tolt- 


MULTIVIBRATOR  WITH  ELECTRON- 
COUPLED  OUTPUT — ^The  cathode  and  first 
two  grids  of  the  pentode  operate  in  the 
some  manner  as  the  second  triode  in  a 
conrentional  multiTibrator  circuit,  the 
screen  grid  taking  the  place  of  the  plate. 
The  output  wcnreform  of  this  drcuit  has  a 
large  amplitude  and  is  almost  square.  Due 
to  the  characteristics  of  pentodes,  the  plate 
Toltage  has  little  effect  on  the  operation  of 
the  multiTibrator  portion  of  the  circuit  and 
the  frequency  of  oscillation  may  be  esti¬ 
mated  in  the  same  way  as  for  conTentional 
multiTibrators 


SCREEN  GRID  VOLTAGE 
1^  /OFVT, 


MULTIVIBRATOR  WITH  CATHODE- 
COUPLED  OUTPUT— This  circuit  U  useful 
because  it  has  a  low-impedance  output  and 
a  steep  wore  front  on  the  output  signal. 
The  addition  of  Rk  affects  the  free-running 
frequency  only  slightly. 


age.  Connecting  the  grid  returns  to  the 
plcrte  supply  lead  results  in  a  higher  fre¬ 
quency.  approximately  equal  to  1/R,,C,  . 
Frequency  raricrtion  can  be  obtained  by 
connecting  the  grid  returns  to  an  adjusta¬ 
ble  positiTe  Toltage.  The  amplitude  of  the 
generated  wares  is  proportional  to  the 
supply  Toltage.  and  is  only  slightly  af¬ 
fected  by  changes  in  the  grid  return  con¬ 
nection.  At  high  frequencies,  distributed 
capacitances  reduce  the  amplitude  and 
make  calculation  of  frequency  difficult 


CATHODE-COUPLED  ONE-SHOT  MULTIVI¬ 
BRATOR — Qrcuit  Tolues  are  adjusted  so 
that  VTi  is  cut  off  when  VT»  is  conducting. 
The  trigger  signal  interrupts  this  stable 
condition,  but  after  the  period  t,  the  circuit 
automaticodly  returns  to  the  stable  condi¬ 
tion.  If  the  grid  return  of  VTt  is  mode  to 
cathode  instead  of  to  +180  rolts.  a  some¬ 
what  longer  period  is  obtained.  This  cir¬ 
cuit  has  the  adrontage  that  the  triggering 
circuit  is  isolated  from  the  multlTibrotor 
circuit  by  VTt 
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The  Cinch  Antenna  Connector  No.  1320  provides  a  positive  ground  on  the  receiver 
side  of  the  shielded  antenna  lead>in,  from  the  exterior  antenna  into  the  receiver  case. 
Its  eight  cutting  edges  give  a  positive  grounded  connection  when  inserted  into  an 
8600  rivet  socket.  Socket  No.  8611  is  mounted  on  the  chassis  by  a  screw  or  rivet, 
and  Socket  No.  8609  may  be  spot  welded.  These  antenna  connectors  have  been 
recognized  as  Stomtorc/  by-  feodtng^ogtomotive.  set  makers  for  over  a  decade. 
Other  types  ore  available,  samples  and  further  nTformotion  on  request. 
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ASYMMETRICAL  MULTIVIBRATOR— Same 
as  synunetricol  multfTibrator  except  that 
corresponding  circuit  elements  used  in 
coninnction  with  the  two  tubes  ore  dis¬ 
similar.  One  or  both  of  the  grid  returns 
may  be  made  to  a  positiTe  Toltage.  The 
tubes  used  may  be  of  different  types.  The 
frequency  of  oscillation  can  be  estimated 
by  calculating  a  pseudo  frequency  for  each 
tube  os  though  the  cimtdt  were  sym- 
metricoL  The  approximate  frequency  of 
the  asymmetrical  mnltiTibrator  is  then 
S/ifs/dx  =  ft)  where  U  and  it  are  the 
pseudo  frequencies.  Oscillatton  can  be  ob¬ 
tained  with  widely  different  drcnit  com¬ 
ponents.  giTlng  considerable  derign  leeway 


100  aoo 

SUPPLY  VOLTAGE  IN  VOLTS 


EFFECT  OF  SUPPLY  VOLTAGE  ON  FRE¬ 
QUENCY  OF  TYPICAL  SYMMETRICAL 
MULTIVIBRATOR — ^A  mnltiTibrator  is  rela- 
tiTely  insensitiTe  to  changes  in  the  supply 
voltage  except  when  the  supply  voltage 
becomes  quite  low.  The  increase  in  fre¬ 
quency  obtained  by  changing  the  grid  re¬ 
turns  from  the  cathodes  to  the  plate  siq>ply 
lead  is  clearly  shown.  The  amount  of  in¬ 
crease  con  be  made  greater  by  making 
the  cathodes  2  or  3  volts  positive 


ON&SHOT  MULTIVIBRATOR— Also  caUed 
one-ldck  trigger  drcnU.  Feedback  from 
VTi  is  direct  coiq;>led  to  VTu  Feedback  and 
the  plate  supply  vt^toge  ore  odlusted  so 
that  VTi  is  cut  off  when  VTt  is  conducting. 
This  stable  condition  can  be  interrupted  by 
a  positive  trigger  signal  on  die  grid  of  VTi. 
After  a  short  period  t  the  drcidt  aulomoti- 
cally  returns  to  the  stable  condition.  Some¬ 
what  mwe  accurate  timing  con  be  obtohned 
by  making  the  grid  return  of  VTt  to  4*120 
volts  instead  of  to  the  cathode.  The  period 
t  is  approximately  half  the  period  of  a 
symmetrical  muldvibrotor  having  circuit 
elements  corresponding  to  those  used  with 
VT,  in  this  one-shot  muldvibrotor  circuit 


THREE  METHODS  OF  INIECTING  SYNCHRONIZING  SIGNALS 


♦  200V 

40P00  I  40P00 


40JOOO  4 
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,  INTERSTAGE 
Ar''  AUDIO  TRANSFORICR 

\  0.0001  TO  0.1 

— '  DEPENDING  ON 
FREQUENCY 


SYNCH  f\j 

signal  ^ 


INTERSTAGE 

MXMO 

TRANSFORMER 


SYNCH  INPUT  TO  ONE  GRID— This  circuit 
tends  to  fovor  the  odd  submultiples  of  the 
syndironising  frequency  when  a  ^e-wave 
syndironising  signal  is  used.  When  pulses 
are  used,  synchronisotton  occurs  more 
readily  with  negative  pulses 


SYNCH  INPUT  TO  BOTH  GRIDS— Method 
of  infecting  synchronising  ^gnol  on  both 
grids  with  the  some  phase.  This  drcnit 
tends  to  favor  even  submultiples  of  the 
synchronising  frequency  and  should  not  be 
used  when  frequency  ratio  is  one  to  one 


SYNCH  INPUT  TO  BOTH  CATHODES— 
Method  of  injecting  the  synchronising  sig¬ 
nal  so  diot  it  is  out  of  phase  on  the 
cathodes.  This  drcnit  tends  to  fovor  odd 
submultiples  of  the  synchronising  fre¬ 
quency  applied  through  die  transformer 
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Why  8  Auto  Radios  out  of  10  are  equipped 

with  MALLORY  Vibrators: 


Take  a  typical  Mallory  vibrator  apart  and  examine  it.  You’ll  like  what 
you  find  inside — the  precise  construction,  the  quality  workmanship. 

But  what  you  can’t  see  is  perhaps  even  more  important:  The  experience 
that  Mallory  has  gained,  for  instance,  in  producing  many  millions  of 
vibrators  . .  .  the  engineering  research  that  has  resulted  in  more  than  25 
Mallory  basic  vibrator  patents  .  .  .  the  more  than  100  inspection  checks 
that  every  Mallory  vibrator  must  pass. 

These  are  the  reasons  why  Mallory  is  unquestioned  ^^headquarters” 
for  vibrator  power  supplies  —  why  8  auto  radios  out  of  every  10  are 
equipped  with  Mallory  vibrators.  They  are  important  to  you,  too,  if 
you  are  designing  or  producing  vibrator-powered  equipment.  Call  on 
our  engineers  if  you  have  a  problem  on  which  we  can  help.  And  remember 
— standard  Mallory  vibrators  are  always  available  at  your  nearest 
Mallory  distributor. 


Are  These  Publications  in 
Your  Engineering  Library? 

If  noU  contact  your 
Mallory’  representative : 

Approved  Precision  Products  (Catalog 
— Electrical  Contact  Catalog — Hec- 
trical  Contact  Data  Book  ($2.50) — 
Capacitor  Catalog — AC  Capacitor  Data 
Folder — Grid  Bias  Cell  Data  Folder — 
Heavy  Duty  Rectifier  Catalog — RN 
Resistor  Data  Folder — Radio  Inter¬ 
ference  Elliminator  Folder — Radio  Ser¬ 
vice  Encyclopedia  ($1.25) — Resis¬ 
tance  Welding  Catalog — Resis¬ 
tance  Welding  Data  Book  ($2.50) — 
RL,  RS,  MC,  3100  and  Lever  Action 
Switch  Data  Folders — Technical  Man¬ 
ual  ($2.00) — Replacement  Vibrator 
Guide — Vibrapack*  Catalog. 
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TUBES  AT  WORK 


Edited  by  VIN  ZELUFF 


Circuit  of  simple  microwore  signal 
generator 


fed  to  the  output  circuit  through 
an  attenuator. 

Some  of  the  magnetic  flux  devel¬ 
oped  in  the  resonator  extends  into 
the  end  of  the  attenuator  cylinder. 
This  flux  within  the  cylinder  de¬ 
creases  exponentially  with  increas¬ 
ing  distance  from  the  resonator. 
Therefore,  as  the  coupling  loop  is 
moved  up  and  down  the  tube,  a 
varying  amount  of  magnetic  flux 
is  linked  by  the  loop;  this  results 
in  a  variable  pickup  of  energy. 
Maximum  pickup  occurs  when  the 
coupling  loop  projects  out  of  the 
tube  just  into  the  resonant  cavity. 
An  output  of  several  hundred  mi¬ 
crovolts  into  a  50-ohm  load  is  pro¬ 
vided. 

A  piston^type  attenuator  is  used, 
consisting  of  a  cylinder  and  a  pis¬ 
ton  which  carries  the  output  coup¬ 
ling  loop.  A  coaxial  cable  connects 
the  loop  to  the  output  connector. 
This  assembly  is  attached  to  a  port 
on  the  resonator  cavity.  The  posi¬ 
tion  of  the  piston  coupling  loop  in 
the  cylinder  is  adjusted  by  means 
of  a  rack  and  pinion  connected  to 
the  attenuator  control  on  the  panel. 
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MOMABLE  I  .COUPUN6  UOOR 


Tubeless  Cont^erter  for 
New  F-M  Band 


By  H.  A.  Audet 

Hnyinrcr,  ('nuadian  Itrouih-aitthiq 
Vorpnratiou 
Montrral,  /*.  Q. 

A  SIMPLE  AND  EFFICIENT  metnod  of 
converting  f-m  receivers  for  use  in 
the  new  88  to  108-mc  band  is  to  use 
the  original  local  oscillator  to  sup¬ 
ply  r-f  to  the  mixers  to  be  added 
ahead  *of  the  receiver.  Germanium 


Buzzer  Signal  Generator  for  3.000  Me . . 
Tubeless  Converter  for  New  F-M  Bond. 

Sonar  Uses  Doppler  Effect . 

Radioactive  Infrared  Detector . 

Facsimile  Over  4.000-Mc  Relay  System 

London  Letter . 

Fuzes  for  Electronic  Mines . 


Buzzer  Signal  Generator  for  3,000  Me 

Damped  oscillations  in  a  tunable  the  introduction  of  the  high-Q  reso- 
concentric  line  resonator  are  pro-  nant  circuit  causes  the  r-f  energy 

duced  by  a  battery-operated  buz-  at  the  resonant  frequency  to  pre- 

zer  in  a  microwave  signal  generator  dominate.  This  sets  up  an  r-f  field 

developed  under  auspices  of  Panel  in  the  resonant  line  of  the  tuning 

15  of  OSRD.  imit  at  the  moment  of  each  pulse. 

When  the  buzzer  is  operating,  the  Some  of  this  pulsed  r-f  energy  is 
interruptions  at  the  armature  con¬ 
tacts  produce  pulses  of  r-f  energy 
of  complex  wave  form.  The  actual 
r-f  energy  produced  is  very  small; 
it  may  be  considered  to  be  in  the 
form  of  recurring  damped  oscilla¬ 
tions  with  the  recurrence  frequency 
determined  by  the  frequency  of  vi¬ 
bration  of  the  armature  of  the  buz¬ 
zer.  This  frequency  is  adjustable 
between  1000  and  2,000  cps,  subject 
to  mechanical  limitations  of  the 
buzzer. 

The  recurring  pulses  of  r-f  en¬ 
ergy  produced  by  the  buzzer  are  fed 
to  the  tuning  unit  through  a  short 
length  of  concentric  line  connected 
to  a  coupling  loop  within  the  reso¬ 
nator.  This  coupling  loop  is  shunted 
by  a  50-ohm  disc  resistor  to  reduce 
spurious  resonance  in  the  coupling 
loop. 

The  tuning  unit  is  a  concentric 
line  type  resonator,  the  center  con¬ 
ductor  of  which  can  be  varied  in 
length  by  means  of  a  rack  and  pin¬ 
ion  drive.  This  drive  is  controlled 
by  the  main  frequency  control  on 
the  front  panel.  Variations  in  the 
length  of  the  portion  of  the  center 
conductor  that  is  within  the  fixed- 
length  outer  conductor  change 
the  resonant  frequency  of  the  reso¬ 
nator  from  1,000  to  3,500  me. 

The  pulses  of  r-f  energy  from  the 
buzzer  apparently  have  steep  wave 
fronts  which  are  capable  of  shock¬ 
exciting  the  resonator.  In  the  com¬ 
plex  wave  form,  components  of 
many  frequencies  are  present  but 


The  Front  Cover 


Cut-away  view  of  the  Eitel-McCui- 
lough,  Inc.,  type  2C38  triode  used  to 
generate  the  12-cm  waves  shown  on  the 
front  cover  of  this  issue.  The  tube  is 
2%  inches  long,  and  has  a  maximum 
diameter  of  inches.  At  2500-mc  the 
2C38  in  the  oscillator  pictured  delivers  a 
minimum  power  output  of  12  watts  at  15 
per  cent  efficiency. 

The  extremely  close  electrode  spacings 
required  in  the  2C38  are  maintained  in 
mass  production  by  the  mating  of  pre¬ 
formed  stepped  cylinders  and  rings 
mounting  the  grid  and  cathode.  Such 
spacings,  plus  functional  electrode  ter¬ 
minations,  permit  the  tube  to  operate 
as  an  oscillator  and  amplifier  throughout 
the  uhf  region. 


^ 


AID  MASS  X-RAY  SURVEYS 


TIm  mobil#  X-roy  unit  shown  obovo  (product  of 
Oonorol  Eloctric  X-Ray  Corporation)  is  occompHsh- 
ing  oarly  diagnosis  tuborculosis  through  mass 
survoys.  Hastons  isolation  and  timoly  troatmont, 
pravonts  sproading  tho  infoction  through  ^munici- 
polMos  ond  workor  ranks. 

Guardian  Rolays  porform  important  dutios  in  this 
unit.  Tho  oxposuro  button  onorgizos  a  Ouordion 
Sorios  1 10  Rolay.  This  closos  tho  circuit  to  tho  hold¬ 
ing  coil  of  tho  X-ray  mognotic  contoctor  which 
'  controls  tho  timing  circuit  of  tho  high  voHogo  trans- 


formor.  As  X-rays  couso  tho  scroon  to  Ruorosco, 
tho  imogo  possos  thru  tho  Ions  to  o  photographic 
film,  o  photo-oioctric  coll  picks  up  tho  light  onorgy, 
timing  tho  oxposuro  by  transforring  tho  light  onorgy 
in  tho  form  of  an  oloctric  chorgo  into  tho  condonsor 
up  to  tho  saturation  point.  Thon  a  triggor  tobo 
(OA  4-0)  iloshos,  onorgizing  o  Guardian  Sorios 
30  Rolay  to  opon  tho  holding  coil  contoctor  circuit 
ond  torminoto  tho  oxposuro.  From  start  to  Rnish— • 
Guardian  Rolays  porform  with  utmost  dopondo 
bility.  Thoy  will  porform  dopondobty  for  you.  Wilto 
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96MC 

RECEIVER 

I  e^5 

46  MC 

_ _ 

Fig.  1 — Umpl«  conT«rt«r  for  prowor  i-m 
rocolTOTS.  Tho  lino  conploi  tho  orlginol 
oocUlertor  to  tho  now  mixor 

crystals  suggest  a  simple  arrange¬ 
ment  for  the  mixers. 

Figure  1  shows  a  receiver  de-' 
signed  to  operate  at  50  me.  A  sim¬ 
ple  converter  formed  of  a  coupling 
coil  and  a  crystal  mixer  has  been 
added  between  the  antenna  and  the 
receiver.  The  local  oscillator  fre¬ 
quency  is  fed  back  through  a  coax¬ 
ial  line  to  the  coupling  coil.  This 
arrangement  permits  receiving  a 
96-mc  signal  on  the  60-mc  receiver. 
This  system  has  given  excellent  re¬ 
sults  and  the  efficiency  of  conver¬ 
sion  is  good. 

A  particular  case  is  that  of  the 
JFM-90  General  Electric  trans¬ 
lator,  in  which  the  antenna  coil  and 
the  local  oscillator  coil  are  wound 
on  the  same  form.  It  was  found 
that  enough  of  the  local  oscillations 
were  fed  into  the  antenna  coil  to 
operate  the  converter  successfully 
without  the  coupling  link  between 
the  local  oscillator  and  the  coupling 
coil.  As  the  local  oscillator  fre¬ 
quency  is  approximately  19  to  23 
me,  it  was  found  desirable  to  raise 
that  frequency  to  21  to  26  me  to 
cover  the  new  band.  A  better  band 
coverage  can  be  obtained  by  the  ad¬ 
dition  of  capacitors  in  the  tuning 
and  oscillator  circuits  of  the  trans¬ 
lator.  The  best  results  were  ob¬ 
tained  with  a  two-stage  converter 
as  shown  in  Fig.  2,  although  a  one- 
stage  converter  gave  satisfactory 
results. 

Performance 

On  program  material,  no  differ¬ 
ence  could  be  noticed  between  re¬ 
ception  on  the  old  band  with  the 
JFM-90  translator  alone  and  recep¬ 
tion  on  the  new  band  with  the 
JFM-90  equipped  with  the  new  con¬ 
verter.  Tests  with  a  signal  gener¬ 
ator  showed  a  maximum  sensitivity 
of  ten  microvolts,  while  the  maxi¬ 
mum  sensitivity  of  the  JFM-90 
alone  was  in  the  vicinity  of  five 


Fig.  2 — Double  couTerter  for  the  JFM-90. 
The  coils  ore  ten  turns  of  No.  16  wire 
on  a  V^-inch  diameter  form 


microvolts.  These  voltages  were 
taken  at  the  point  where  the  limiter 
tube  began  drawing  grid  current. 
No  serious  frequency  drifts  were 
experienced  during  the  tests.  The 
construction  of  the  equipment  needs 
no  special  care  and  the  crystal  cart¬ 
ridges  can  be  mounted  in  any  posi¬ 
tion. 

Sonar  Uses  Doppler  Effect 

A  WELL  -  KNOWN  scientific  prin¬ 
ciple,  the  Doppler  effect,  provides 
the  means  for  determining  the  mo¬ 
tion  and  speed  of  a  moving  under¬ 
water  target  with  echo  ranging 
equipment.  If  the  distance  between 
the  sonar-equipped  search  vessel 
and  the  target  is  increasing,  the 
frequency  of  the  echo  will  be  lower 
than  that  of  the  outgoing  pulse. 
Conversely,  if  the  distance  is  de¬ 
creasing,  the  echo  frequency  will 
be  higher. 

By  comparing  the  frequencies  of 
the  echo  and  transmitted  pulse,  the 
sonar  operator  can  determine  the 
relative  motion  of  the  target  with 
respect  to  the  ship.  This  is  less  im¬ 
portant,  however,  than  determina¬ 
tion  of  the  absolute  motion  of  the 
target.  Water  discontinuities,  such 
as  surface  waves,  provide  fixed  re¬ 
flecting  points  (reverberations) 
that  provide  a  more  useful  refer¬ 
ence  than  the  outgoing  pulse  does. 
By  comparing  the  frequency  of  the 
target  echo  with  the  frequency  of 
the  reverberations,  the  operator 
can  determine  if  the  target  is  mov¬ 
ing  and  whether  it  is  moving 
toward  or  away  from  the  projector. 
The  change  in  frequency  is  17  cy¬ 
cles  per  second  per  knot  of  absolute 
speed  of  the  target  when  echo  rang¬ 
ing  at  a  frequency  of  24  kc.  Sonar 
operators  are  trained  to  distinguish 
frequency  changes  as  small  as  10 
cycles,  hence  target  speed  can  be 
determined  to  an  accuracy  of  better 
than  1  knot. 


Radioactive  Infrared 
Detector 

The  metascope  is  another  infrared 
device  that,  secret  until  now,  was 
used  during  the  war.  It  is  small 
enough  to  be  held  in  one  hand,  and 
was  used  to  detect  the  presence  of 
infrared  light.  By  looking  through 
the  eyepiece,  paratroopers  in  planes 
could  detect  infrared  radiation 
which  signaled  them  where  to  land. 
For  such  use,  the  comparatively 
heavy  power  pack  needed  for  the 
sniperscope  and  the  snooperscope 
(Electronics,  June  1946,  p.  95) 
prohibited  its  use  where  weight 
was  a  critical  factor.  Like  those 
units,  the  metascope  was  made  by 
Electronic  Laboratories  of  Indian¬ 
apolis. 

A  type  of  nuclear  reaction  is  the 
operating  principle  of  the  unit.  A 


The  metascope,  on  infrared  detector 
used  by  the  U.  S.  Army 


small  lead-sheathed  compartment 
in  the  base  of  the  metascope,  con¬ 
taining  a  radio-active  material,  is 
the  power  source.  Energy  from  the 
radioactive  material  is  used  to 
charge  a  viewing  screen  which  is 
thus  made  sensitive  to  infrared  ra¬ 
diation.  Mounted  in  the  cover  of 
the  device  is  a  periscope-like  mirror 
with  an  infrared  filter.  This  is 
raised  to  pick  up  the  infrared  rays 
and  in  use  faces  the  direction  the 
operator  is  looking. 

Because  of  its  small  size  and 
light  weight,  the  metascope  was 
carried  l)y  field  units  and  used  to 
determine  whether  the  enemy  in  a 
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This  insulating  block,  made  oi  canvas-base  laminated,  grade 
"C"  Dilecto,  is  used  in  electrical  switch  boxes  ior  signal  equip¬ 
ment.  To  meet  service  requirements  it  must  be  structurally 
strong — and  retain  its  electrical  insulating  properties  under  the 
extremes  of  temperature  and  moisture.  It  also  must  be  easy  to 
machine  to  meet  volume  production  schedules  and  be  dimen¬ 
sionally  stable  to  facilitate  installation. 


»  _For  Real  Engineering  Help 

On  Non-Metallics 

Look  to  Continental-Diamond  First 

If  it's  a  question  oi  building  better  insulation  char¬ 
acteristics  into  your  product  to  improve  its  overall 
performance,  bring  your  problem  to  C-D  technicians. 

Here  is  a  helpful,  cooperative  service  that  begins 
with  a  study  of  the  job  you  want  your  product  to  do. 
It  is  that  job  which  determines  the  exact  C-D  in¬ 
sulation  material  in  one  of  the  many  types  and  grades 
or  combination  that  best  meets  your  particular  in¬ 
sulation  requirements. 

A  suggestion  or  two  simplifying  the  design  may  be 
made  also — possibly  a  method  of  fabrication  provid¬ 
ing  a  short  cut  to  faster,  more  economical  produc¬ 
tion  and  assembly  of  parts. 

Take  advantage  of  this  seasoned  C-D  engineering 
help  which  avoids  costly  mistakes,  wasted  effort  and 
product  failure  that  go  hand-in-hand  with  ''second 
guessing."  Phone,  wire  or  write  our 
nearest  office  and  a  C-D  technician  will  i  JwiiV’iJ 
be  on  his  way  to  you. 


C-D  PRODUCTS 


THE  PLASTICS 


DILECTO — Tk*nnoMtting  Laminates.  '' 

CELORON — A  Molded  Phenolic. 

DILECTENE — A  Pure  Resin  Plastic  Especially  Suited  to 
U-H-F  Insulation . 

HAVEG — Plastic  Chemical  Equipment,  Pipe,  Valves 
and  nttings. 


THE  NON-METALLICS 


DIAMOND  Vulcanisml  FIBRE. 

VULCOID — Resin  Impreqnated  Vulcanised  Fibre. 
MICABOND — Built-Up  Mica  Electrical  Insulation. 


STANDARD  &  SPECIAL  FORMS 


Ayailable  in  Standard  Sheets,  Rods  and  Tubes;  and 
Parts  Fabricated,  Formed  or  Molded  to  Specifibations. 


DESCRIPTIVE  LITERATURE 


Bulletin  GF  gives  Comprehensive  Data  on  all  C-D 
Products.  Individual  Catalogs  are  also  available. 


BRANCH  OFRCES:  NEW  YORK  17  •  CLEVELAND  14  •  CHICAGO  11  •  .  SPARTANBURG.  S.  C.  •  SALES  OFnCES  IN  PRINCIPAL  CITIES 

WIST  COAST  REPRESENTATIVES;  MARWOOD  LTD.,  SAN  FRANCISCO  3  •  IN  CANADA:  DIAMOND  STATE  FIBRE  CO.  OF  CANADA,  LTD.,  TORONTO  8 
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..tagged  for  the  big  jobs! 


HEXACON 

ELECTRIC 

SOLDERING 

IRONS 


Follow  the  leaders  —  and  you'll  use 
HEXACON!  For  rugged,  heavy  duty 
work  or  for  light,  intricate  work  ...  for 
continuous  production  or  hard-to-get  at 
Work  .  .  .  here's  the  answer.  One  reason 
is  "Balanced  Heat"— dissipating  excessive 
element'imparing  heat— and  minimizing  ele- 
V  ment  burn-outs  and  tip  replacements.  An- 
F  other,  is  their  light  weight,  efficiency  and 

dependability. 

LITERATURE  AVAILABLE  — The  complete 
HEXACON  line  of  screw  tip  and  plug  tip  irons 
from  40  to  700  watts,  and  with  tip  diameters  rang¬ 
ing  from  'A"  to  l%",  is  fully  illustrated  and  de¬ 
scribed.  Write  today;  no  obligation. 


STROMBERG 
CAR  LSON 


Facsimilo  rocoiTor  at  Walthain  rocord- 
ing  a  map  of  ropootor  atotion  locottons 
OTer  Roythoon  4.000-mc  roloy  drcuit 
from  tronsmittor  In  Now  York 


HEXACON  ELECTRIC  CO. 

130  W.  CLAY  AVENUE,  ROSELLE  PARK,  N.  J. 


Mt 
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roved  in 


many  dimcult  installations. 


Ansonia  Ankoseai  insulated  wires 


and  cables  retain  their  flexibility 


though  subject  to  a  wide  range  of 


temperatures,  hard  usage 


and  frequent  bending 


and  twisting. 


Ansonia  not  only  offers  Ankoseai  to  meet  a 

variety  of  insulating  problems  but  our 
engineering  staff  has  designed  ma^y 

cables  for  specific  purposes. 
You  are  invited  to  consult  us  regarding 
your  wire  or  cable  problems. 


THE  ANSONIA  ELECTRICAL  MVISION 

,  ^  ANSONlA^pt^lCTQIt 

%  .  ^ COETOELflOII,  MIW  rOEK,  £ V. 
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363  EAST  75th  STREET 
CHICAGO  19,  ILLINOIS 


TUBES  AT  WORK 


(continutd) 


WOR  in  New  York  was  transmitted 
over  the  circuit  simultaneously  with 
text  from  a  teleprinter  in  the  New 
York  terminal. 

Automatic  repeater  stations  in 


Transmittinq  and  rnceiring  antnnnag  of 
the  Raytheon  microwaTe  relay  system 
atop  the  Lincoln  Building,  New  York 
City 

the  system  are  located  at  Waban 
and  Webster,  Massachusetts;  Tol¬ 
land,  Bristol,  and  Oxford,  Conn.; 
and  Lewisboro,  New  York.  A  two- 
way  circuit  operates  24  hours  per 
day  over  the  system,  carrying  vari¬ 
ous  types  of  intelligence  on  an  ex¬ 
perimental  basis. 


CODE  BEACON  FOR  RADIO  TOWERS 

A  300  MM  code  beacon  designed  and  built  by 
ANDREW  for  lighting  radio  towers  as  avia¬ 
tion  hazards.  Required  by  the  CAA  on  radio 
towers  of  150  feet  or  greater  in  height.  Two  500- 
watt  prefocus  lamps  provide  an  intense  light 
which  passes  through  red  pyrex  glass  filters  and 
is  radiated  in  a  circular,  horizontal  beam  by 
cylindrical  fresnel  lenses.  Metal  parts  are  made 
of  light-weight  cast  aluminum,  with  hardware 
of  corrosion-resistant  bronze. 


OBSTRUaiON  LIGHT.  Type  66 1  is  a 
100-watt  unit  fitted  with  a  red  fres¬ 
nel  lens  to  concentrate  the  light  in 
a  nearly  horizontal  direaion.  Used  in 
pairs  at  and  levels  on  radio 
towers  for  aircraft  warning. 

BURNOUT  INDICATORS.  Highly 
damped  meter  with  special  wattmeter 
scale  indicates  when  code  beacons  or 
obstruaion  lights  need  re-lamping. 

FLASHERS.  Designed  to  flash  300  MM 
code  beacons  at  rate  of  40  cycles  per 
minute,  as  prescribed  by  government 
regulations.  Flashers  have  2S-ampere 
contaas  and  condensers  for  radio  in¬ 
terference  elimination.  Use  K- 10347 
for  one  or  two  beacons;  use  K- 10348 
to  maintain  constant  2000-watt  load 
with  three  beacons. 

TIME  SWITCHES.  Switch  tower  lights 
on  at  sunset  and  off  at  sunrise.  Spe¬ 
cial  astronomic  dial  follows  seasonal 
variations  in  sunset  and  sunrise  time. 
Photo-elearic  models  also  available. 

LAMPS.  A  complete  stodc  of  lamps  for 
code  beacons  and  obstruction  lights 
is  carried  for  the  convenience  of  us¬ 
ers.  Available  in  a  wide  variety  of 
filament  voltages. 


London  Letter 

By  John  H.  Jupe 

London  Correspondent 

336  Channels  for  VHP.  The  ASAC 
(Automatic  Selection  of  All  Chan¬ 
nels)  system  was  originated  by  the 
General  Electric  Co.  of  Great  Brit¬ 
ain  to  provide  communication  on 
any  one  of  a  large  number  of 
equally  spaced  crystal-controlled 
radio  channels.  The  equipment 
shown  at  the  Physical  Society’s  Ex¬ 
hibition  in  London  early  in  the  year 
provided  336  channels,  controlled 
during  transmission  and  reception 
by  only  3  crystals,  selection  being 
made  remotely  by  means  of  num¬ 
bered  or  lettered  dials.  During  tun¬ 
ing,  the  master  oscillator  tuner  is 
driven  by  a  motor,  controlled  by  the 
counting  on  a  telephone-type  uni¬ 
selector  of  coincidences  with  har¬ 
monics  of  a  multivibrator. 

Any  channel  can  be  reached 


LIGHTING  FILTER.  The  ANDREW  Model  1803  lighting 
filter  serves  to  connea  the  60-cyde  lighting  voltage 
across  the  base  insulator  of  a  aeries  excited  tower  with¬ 
out  detuning  the  tower.  Three  windings  provide  for 
operation  of  code  beacon  and  obstruaion  lights.  Mica 
insulated  by-pass  condeiAers  of  ample  current  rating 
included.  Also  offered  in  weatherproof  steel  housing. 

in'ike  *A4anM^!aeiu4e 
a  SBine 
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4.2  VOLTS  OUTPUT*!! 

DIRECT  CONNECTION  TO  PENTODE  OUTPUT  TUBES! 

•  •  •  and  only  VA  oz.  needle  force 


WITH  THE  NEW  SHURE 

W56A 

Lever-Type  Crystal  Pickup  Cartridge 
Lift  Price  $4.45 

AMD 


THE  NEW  SHURE 

96>l 

Crystal  Phonograph  Pickup 
List  Price  $6.10 

MADE  POSSIBLE  THROUGH  THE  SHURE 
LEVER  SYSTEM  •  HERE’S  HOW  IT  WORKS: 

The  cr3^tal  is  driven  by  a  lever  which  improves  the  transmission  of  needle  chuck 
torque  into  the  crystal.  This  results  in  higher  outijut  and  ipreater  needle  compliance. 
High  needle  compliance  gives  a  “freedom  of  action”  flexibility  to  the  needle  that 
means  faithful  tracking,  and  clearer,  fuller  tone  qualities. 

The  lever  arrangement  absorbs  the  full  impact  of  sudden  jars  to  the  cartridge  or 
needle;  this  in  turn  gives  relative  shock  immunity  to  the  crystal — minimizing  strain 
or  breakage. 

WHAT  THE  96A  DOEIS  FOR  YOU:  It  makes  possible  the  saving  of  one  stage 
of  amplification,  and  it  permits  the  use  of  a  long-life  precious-tip  needle  with  a  high- 
output  pickup.  Such  a  hght-weight  tone  arm  means  that  the  records  and  needles  will 
last  much  longer.  The  96A  “Ghder”  is  less  susceptible  to  floor  vibrations,  improves 
the  playing  of  warped  records,  and  is  especially  suitable  for  Vinylite  records. 

(*)  1000  cycle  Aedfetoee  record  level  utiag  Fwll-Toee  eeedle.  About  3.5  volft  wting 
Hoxhlo  aeedles.  VoHago  output  oe  peak*  reockec  40  vohsl 

WRITE  FOR  NEW  CATALOGS  155  and  156 

PatomUd  Ly  Short  Brothtrt  and  lietnttd  undrr  tht  PaUntt  of  tkt  Broth  Dtvelopmtnt  Company 


SHURE  BROTHERS,  inc. 


Microphoitms  and  Acoustic  Devices 
225  West  Huron  Street,  Chicago  10,  Illinois 
Coble  Address:  SHUREMICRO 


TUBES  AT  WORK  (continued) 

within  five  seconds  and  the  fre¬ 
quency  is  held  constant  within 
ten  kilocycles  by  an  automatic  fre¬ 
quency  control  system.  The  set  ex¬ 
hibited  covered  the  region  of  three 
meters  but  the  principle  can  be  ap¬ 
plied  to  other  bands. 

Low-Brightness  Measuring  Equip¬ 
ment.  Portable  equipment,  made  by 
the  same  company,  is  suitable  for 
measuring  brightness  of  the  order 
of  0.3  candle  per  sq.ft.  It  is  intended 
for: 

(a)  Brightness  measurement  in 
lighting  schemes  (including  studio 
sets),  (b)  Brightness  distribution 
measurement  on  sources  and  fittings, 
(c)  cinema  screen  brightness  areas 
and  for  checking  narrow  beam  pro¬ 
jectors. 

The  principle  of  operation  con¬ 
sists  in  forming  an  image,  by  means 
of  a  lens,  of  the  object  and  scanning 
this  with  a  scanning  disc.  The  light 
passing  through  the  disc  is  fo¬ 
cussed  on  an  electron-multiplier 
type  of  phototube  and  the  signal 
generated  is  amplified  and  applied 
to  the  Y  plates  of  an  oscilloscope. 
The  linear  time-base  sweep  is  ap¬ 
plied  to  the  X  plates  and  is  locked 
synchronously  to  the  scanning  disc. 

Thus  the  luminous  spot  on  the 
tube  moves  in  accordance  with  the 
brightness  distribution  of  the  sub¬ 
ject  under  observation.  A  view 
finder  is  mounted  beside  the  oscil¬ 
loscope  screen  so  that  the  instru¬ 
ment  can  be  trained  on  the  object 
desired. 

Recording  Magnetometer.  An  in¬ 
strument  shown  by  the  British  and 
Allied  Industries  Research  Associa¬ 
tion  is  designed  to  measure  and 
record  a  given  component  of  a  mag¬ 
netic  field  of  the  order  of  10  *  gauss 
and  is  intended  for  investigations 
on  the  earth’s  magnetic  field  in  an 
east-west  direction.  At  maximum 
sensitivity,  a  field  of  0.5  x  10'* 
gauss  will  give  full  scale  deflection 
on  the  recorder  but  the  sensitivity 
can  be  reduced  to  cover  fields  up  to 
50  X  10  *  gauss.  Errors  due  to 
power  supply  and  temperature  vari¬ 
ations  have  been  reduced  to  small 
dimensions  and  the  error  on  maxi¬ 
mum  sensitivity  of  the  whole  in¬ 
strument  does  not  exceed  one  per¬ 
cent. 

The  sensitive  element  of  the  mag¬ 
netometer  consists  of  two  lengths 
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Dt  MORNAY 
BUDD^^ 


PACKAGED  R.  F.  RJFDAR  ASSEMBLT 
ELIMINATES  DESIGN  HEADACHES 


REFLECTOR 


- FEED  HORN 

ROTATING  JOINT 


The  DeMornay-Budd  packaged  R.  F.  Unit  provides  a 
complete  R.  F.  assembly  for  microwave  radar.  It  is  now 
possible  to  obtain  as  standard  items  all  the  microwave 
R.  F.  components  necessary  in  the  fabrication  of  a  com¬ 
plete  radar  — DeMornay-Budd  Standard  Transmission 
Line  Components  plus  packaged  R.  F.  Unit. 

The  R.  F.  Radar  Unit  is  delivered  complete  and  ready 
to  operate.  It  is  wired  and  contains  all  the  necessary 
tubes  and  crystals.  The  unit  uses  a  packaged  magnetron 
'  capable  of  delivering  20  kw.,  peak  power,  at  9375  me. 
Two  type  2K25  local  oscillator  tubes  are  provided,  one 
for  receiver  and  A.F.C.  and  the  other  for  beacon  opera¬ 
tion.  A  type  1B35  A-T-R  tube,  a  type  1B24  T-R  tube  and 
the  necessary  type  1N21  crystals  are  included  in  the  as¬ 
sembly.  A  20  db.  directional  coupler  permits  accurate 
measurements  to  be  made  at  any  time  with  a  maximum 
of  convenience  and  safety. 

Since  the  use  of  radar  beacons  is  contemplated  in  the 
near  future,  the  unit  has  been  designed  with  a  beacon 
cavity  and  crystal  mount.  The  unit  can  be  supplied  with¬ 
out  the  beacon  cavity  and  crystal  mount  and  beacon  local 
oscillator,  and  a  termination  supplied  in  their  place  so 
that  it  becomes  a  simple  matter  to  convert  to  beacon 
operation  when  necessary. 

NOTE:  We  have  just  released  a  complete  catalog  ,of 
De  MomayBudd  Standard  Components  and  Standard 
Bench  Test  Equipment.  Be  sure  to  have  a  copy  In  your 
reference  Dies.  Write  for  it  today. 


FLAT  90*  ELBOW 


90*  TWIST 


MITERED.  ELBOW 


STRAIGHT 

SECTION 


EDGE  90*  ELBOW'  90*  TWIST 


R.  F.  Radar  unit  #412  (indicoted  by 
osterisk)  used  in  conjunction  with 
standard  PeMornay-Budd  transmis¬ 
sion  line  components. 

Writ#  for  catalog  of 
Btamdant  bomch  tost  ogaipmotit. 


Di  MORNAY.SUDO.  INC. 

475  GRAND  CONCOURSE,  NEW  YORK,  H.  Y. 
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tubes  at  work 


(continued) 


of  Mumetal  wire,  the  resistances 
of  which  change  with  the  magnetic 
field  in  which  they  lie.  They  are 
placed  in  the  direction  of  the  field 
to  be  measured  and  connected  in 
adjacent  arms  of  a  bridge  circuit. 
A  field  of  0.4  gauss  is  applied  to 
each  in  opposite  directions  and  re¬ 
versed  at  intervals.  The  unbalance 
of  the  bridge  is  amplified,  rectified, 
and  applied  to  a  vacuum-tube 
switching  device  which  also  con¬ 
trols  the  reversion  of  the  0.4-gauss 
field.  This  switching  device  en¬ 
ables  the  tw’o  out-of-balance  volt¬ 
ages  across  the  bridge  to  be  stored 
in  separate  capacitors,  which  are 
connected  to  a  vtvm  so  that  its  in¬ 
dication  is  a  measure  of  the  differ¬ 
ence  of  the  two  voltages. 

If  there  is  no  external  field  in 
the  direction  of  the  wires,  the  re¬ 
versing  of  the  0.4-gauss  field  will 
not  result  in  an  out-of-balance  volt¬ 
age  and  the  vtvm  will  indicate  zero. 
With  an  external  super-imposed 
field,  an  out-of -balance  voltage  will 
appear  and  the  voltmeter  will  indi¬ 
cate  it.  Such  an  instrument  has  many 
uses  apart  from  the  one  mentioned. 


When  you  use  Arkwright  Tracing  brittle ...  it  reproduces  months  and 
Cloths,  every  line,  every  shading  and  even  years  later  just  as  crisply  sharp 
cross  hatching,  every  dimension  as  when  it  first  left  the  board, 
reproduces  just  as  sharply  as  if  the  Erasures  mean  little  to  this  time¬ 
tracing  were  on  crystal-clear  glass.  proven  tracing  cloth.  It  can  take 

A  special  mechanical  process  liter-  erasure  after  erasure  without  wear- 
ally  "builds”  translucence  that  guar-  ing  through,  resists  feathering  after 
antees  perfect  reproductions  into  erasures. 

every  sheet.  There  are  no  surf  ace  oils  Why  not  check  these  advantages 
to  pile  up  drawing  room  time  and  yourself,  at  our  expense.  Send  for 
cause  fuzzy  prints ...  no  chance  for  generous  working  samples  to  test 
distortions  or  "ghosts”,  caused  by  and  see  what  we  mean  when  we  say 
pinholes,  specks  or  thin  spots.  "lines  as  clear  as  if  suspended  in  air.” 

And  an  Arkwright  Tracing  is  a  Arkwright  Finishing  Company, 
permanent  tracing.  It  never  becomes  Providence,  Rhode  Island. 


Piezoelectric  Vibration  Pickup.  A 
hand-held  instrument  was  exhibited 
by  the  De  Havilland  Aircraft  Co. 
Its  chief  uses  are  to  indicate  res¬ 
onance  peaks,  phase  angles,  and  vi¬ 
bration  frequencies,  and  also  for 
exploring  nodal  patterns  in  large 
and  irregular  structures.  It  con¬ 
sists  of  a  seismic  body  element  con¬ 
veniently  shaped  and  inside  which 
is  a  cantilever  spring  vane.  At  the 
free  end  of  this  is  pressed  the 
pickup  stylus,  which  slides  in  Oil- 
ite  bushings.  This  stylus  transmits 
vibration  movements  to  the  vane 
and  the  resulting  bending  strains 
at  the  root  of  the  vane  are  trans¬ 
ferred  to  a  piezoelectric  element  of 
the  bender  type  which  is  cemented 
flat  to  its  surface.  The  crystal  de¬ 
velops  a  potential  between  its  sur¬ 
faces  directly  proportional  to  the 
bending  and  therefore  directly  pro¬ 
portional  to  the  vibration  ampli¬ 
tude,  without  the  use  of  integrating 
circuits. 

The  vibration  of  the  vane  is 
damped,  to  prevent  chatter,  by  pads 
of  rubber  clamped  about  it,  between 
the  stylus  and  the  crystal.  The 
pickup  body  is  fitted  with  two  rub¬ 
ber  feet  so  that  it  may  be  stood  on 
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ilLTEC  LiniSIM’S  MODEL  603 
HELTICELL  DIA-CONE  SPEIKED 


.'.V 


9^  '  a*  .  : 


Siuilf  lo 


.  S^'uced 


For  those  who  want  a  moderate  priced  speaker  that  can  provide 
true  high  quality  performance.  Here  it  is — a  superb  speaker  that’s 
surpassed  only  by  the  famous  Altec  Lansing  Duplex.  Specially  de¬ 
signed  for  limited  budgets — Model  603  assures  high  frequency 
distribution,  frequency  response  and  undistorted  reception  ex¬ 
pected  of  much  higher  priced  systems.  Learn  more  about  the  603. 

MOOCL  tot— MiiltiMH  DIt-CoM  tpMkars  incorporau  •  RMlal  kigh  fraqMDcy 
diapiiratm  and  •  15"  low  fraquancy  cona  couplad  by  a  machanical  dividing  nat- 
worktoa3"Voica  cod  of  adgawisa  wound  aluminum  ribbon.  Writaforotbar  datails. 

NOW  AVAILABLE 


ALTEC 


LANSING  CORPORATION 


iJbl  N  Vine  St  .  HoItvAOOd.  Cj' 
,?50  A  57th  St  .  N  V  19 


**KEEP  ADVANC  I  N  Q  WITH  ALTEC  LANSING 
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TUBES  AT  WORK 


a  vibrating  body  as  a  vibration  indi. 
cator  while  the  exciting  frequencips  ! 
are  adjusted. 

Remote  Cloud  Indicator.  This  in¬ 
strument  was  developed  by  the 
B.T.H.  Co.  and  government  depart¬ 
ments  to  give  information  as  to 
when  a  barrage  balloon  was  flying 
in  clouds.  The  balloon  unit  consists 
of  a  detector  and  a  simple  amplifier- 
radio  transmitter. 

The  detector  element  consists  of 
electrical  conductors  separated  by 
a  gap  which  can  be  bridged  by 
cloud  particles,  the  surface  being 
maintained  at  such  a  temperature 
that  dew  cannot  be  deposited.  One 
conductor,  the  potential  of  which  is 
varied  by  the  cloud  drops,  is  of 
platinum  foil  and  is  insulated  from 
two  similar  conductors  by  0.0004- 
inch  thick  mica  sheets.  The  sand¬ 
wich  is  placed  between  mica  sheets 
and  then  gripped  between  two 
stainless  steel  plates.  The  surface 
of  this  unit  is  then  ground  to  ex¬ 
pose  the  conductor  edges  and  a  low- 
power  heater  is  bolted  alongside  to 
maintain  the  temperature  at  about 
60  C. 

When  cloud  particles  bridge  the 
gaps,  which  are  connected  in  a 
thyratron  circuit,  the  tube  fires  and 
the  anode  current  operates  a  relay 
and  small  buzzer  which  transmits 
the  radio  signal,  the  latter  being 
received  on  an  ordinary  receiver. 
The  bead  of  moisture  across  the 
gap  is  blown  away  by  a  spark  dis¬ 
charge  initiated  by  the  operating 
circuit. 


For  wery  reqniromoot 


models  have  in. 

SIFAPUFIEO 

logawthnv'C 

SCALE 


standard 

AAod«l  300 


Ideal  for  the  Accurate  measure¬ 
ment  of  AC  voltages  in  the  Audio, 
Supersonic,  Carrier  Current  and 
Television  ranges. 

Use  of  Logarithmic  voltage  scale  as¬ 
sures  uniform  accuracy  of  reading 
over  whole  scale  while  permitting 
range  switching  in  decade  steps. 

Ekich  Voltmeter  equipped  with  an 
output  jack  so  that  the  instru¬ 
ments  can  be  used  as  a  high-  ^ 
gain  stable  amplifier. 


SPECIFICATIONS 

MODaaoo 

RANGE— -.001  to  100  voHt. 
FREQUENCY— 10  to  150,000  cyclot. 
ACCURACY— 2%  at  any  point  on  tcolo. 
AC  OPERATION— 110-120  volH. 


Model  304 
R-F 

VOLTMETER 


MODEL  904 

RANGE— .001  to  100  volts. 
FREQUENCY— 30  c.p.s.  to  5.5  megocyclos 
ACCURACY— a5  DB. 

AC  OPERATION— 1 10-120  volts. 


Fuzes  for  Electronic  Mines 

Another  wartime  development  to 
emerge  from  secrecy  with  Navy  ap¬ 
proval  is  a  complex  yet  highly  com¬ 
pact  electronic  and  magnetic  fuze 
for  electronic  mines.  This  fuze  was 
used  in  the  12,053  mines  dropped 
in  the  shipping  lanes  and  ports  of 
Japan  from  March  1945  to  the  end 
of  the  war  in  Operation  Starva¬ 
tion.  The  mines  were  dropped  from 
Superforts  in  1,528  sorties,  chiefly 
with  parachutes  to  break  their  fall. 
Toward  the  end  of  the  war,  mines 
using  the  same  fuzes  were  devel¬ 
oped  that  could  survive  a  free  fall 
into  the  water  from  as  high  as 
30,000  feet,  permitting  aiming  with 


RANGE— .CXH  lo  100  vohs 
FREQUENCY- 5  to  150,000  cyclM. 
ACCURACY— 2%  at  ony  point  on  tcolo. 
DC  OPERATION  —itlf  contolnod  boWorlot. 


Solid  for  BuMoMr  for  hrthmr  dmajpHem 


Modol  302 
BATTBIY 
OPERATED 


BOONTON,  NEW  JERSEY.  U.  S.  A 
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WITH  HIGHER  CAPACITIES 


ELECTRONICS  —  Oc/ober.  1946 


Erie  is  now  in  production  on  all  standard  styles  of  its 
new  series,  N1400  Ceramicons,  with  a  temperature 
coefficient  of  -1400  parts/million/°C. 

The  higher  negative  temperature  coefficient  permits 
use  of  smaller  capacity  condensers  as  compensators, 
which  is  often  necessary  to  obtain  required  tuning 
range  in  radio  receivers.  In  addition,  for  general 
purpose  applications  where  temperature  compensation 
is  not  a  factor,  Erie  N1400  Ceramicons  offer  higher 
capacity  remges  without  increased  physical  size. 

The  Erie  N1400  Ceramicon  series  has  the  same 
characteristics  as  other  Erie  temperature  compensating 
Ceramicons;  definite  and  entirely  reproducible  temper¬ 
ature  coefficient  of  capacity,  high  Q  factor,  and  inherent 
stability.  Electrical  characteristics  and  capacity  ranges 
are  given  at  the  left. 


^  Temparatur*  Characteristic:  — 1400  parts/million/®C 

•  <  "  ■  :t210  partt/million/®C 

^  K:  135  approx. 

^  Flash  Test:  1300  volts  D.  C. 

^  Working  Voltage:  500  volts  D.  C. 

^  Leakage  Resistance:  Over  10,000  megohms  at  1000 

•  volts  D.  C. 

^  Q  Factor:  1000  or  higher  above  30  MMF.  Q  Factor 
^  limit  below  30  MMF  decreases  in  a  straight  line  to 
500  at  5  MMF. 


CHARACTERISTICS  ' 


CAPACITY  RANGES 


STYLES 


100  MMF 


221  MMF 


175  MMF 


460  MMF 


550  MMF 


895  MMF 


1390  MMF 


1770  MMF 


TUIES  AT  WORK 


(continued) 


the  greater  accuracy  of  the  air¬ 
craft’s  bombsight. 

The  new  fuzes  are  dependent 
for  their  action  on  permalloy,  an 
alloy  so  responsive  to  magnetic  in¬ 
fluence  that  it  is  readily  saturated 
by  the  earth’s  magnetic  field.  A 
bar  of  permalloy  held  in  a  north- 
south  direction  becomes  ^  a  magnet 
strong  enough  to  pick  up  tacks  and 
small  nails.  The  magnetic  action 
of  the  fuzes  was  such  that  they  al¬ 
ways  blew  up  at  the  closest  point  of 
the  designated  victim’s  approach. 
A  large  metal-containing  object 
such  as  a  ship  disturbs  the  mag¬ 
netic  influence  of  the  earth  around 
it  slightly.  The  fuze  recognizes  a 
ship  by  the  characteristic  gradual 
sequence  of  increasing  and  decreas¬ 
ing  disturbance,  and  sets  off  the 
mine  at  the  precise  moment  when 
the  disturbance  stops  increasing 
and  begins  to  decrease. 

Cold  Cathodes 

Signals  from  the  detector  unit 
in  the  fuze  are  magnified  approxi¬ 
mately  a  million  times  by  a  mag¬ 
netic  amplifier  that  also  uses  per¬ 
malloy-type  magnetic  material. 
Electronic  portions  of  the  fuze  in¬ 
clude  electron  tubes  of  a  special 
cold-filament  design  that  operate  on 
minute  quantities  of  power.  Other 
features  of  the  fuze  include  a  tim¬ 
ing  device  that  delays  arming  until 
a  specified  time  has  elapsed,  and 
renders  the  mine  impotent  after  a 
predetermined  period.  A  counter  in 
the  fuze  could  be  set  to  let  the  first 
ship  or  any  preset  number  of  ships 
pass  by  without  action,  thereby 
prolonging  the  effect  of  a  given 
mine-laying  operation.  Passage  of 
a  ship  was  no  assurance  of  safety. 

Resting  on  the  bottom,  the  mine 
could  not  be  swept  in  the  normal 
way.  It  could  not  be  detonated  by 
magnetic  charges,  and  its  timing 
device  would  not  permit  response  to 
the  more  rapidly  changing  mag¬ 
netic  disturbances  of  mine-sweep¬ 
ing  enemy  airplanes.  The  detector 
likewise  w'ould  not  respond  to  the 
magnetic  influence  of  a  ship  pass¬ 
ing  too  far  away  to  be  damaged. 

H.  0.  Siegmund  was  project 
engineer  at  Bell  Telephone 
Laboratories  for  magnetic  fuze 
development.  The  fuzes  were  mass- 
produced  for  the  Navy  by  Western 
Electric  Co. 


THE  RESPONSE  CURVES 


OXFORD 

SPEAKERS 


The  secret  of  a  fine  response 
curve  is  in  the  proper  engi¬ 
neering  of  the  speaker  as  on 
integral  imit,  not  os  a  com- 
p)osite  assembly  of  many  dif¬ 
ferent  ports.  Oxford  engineers 
concentrate  on  this  funda¬ 
mental  concept;  the  resultant 
speaker  provides  maximum 
performance  consistently. 
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miCA  CIRAMIC 

SOCKETS  and 
INSULATORS 


MADE  EXCLUSIVELY  BY 


70  CLIFTON  BLVD.,  CLIFTON,  N.  J. 
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Electronic  Smithy 

Electronically  Controlled  re¬ 
sistance  welding  presses  join  the 
toe  calks  to  formed  horseshoes  in 
a  mass-production  operation  at 
Phoenix  Manufacturing  Company, 
Joliet,  Illinois.  (Surprisingly,  some 
twenty  million  horseshoes  are  made 
annually.)  The  six-station,  300- 
kva  welding  unit  not  only  welds 
but  preheats  the  shoes  and  ejects 
the  finished  work  while  under  full 
automatic  electronic  time  and  se¬ 
quence  control. 

Preheating  is  performed  by  an 
induction-heating  coil  that  is  pow¬ 
ered  by  a  20-kw  high-frequency 
generator  adjacent  to  the  welder. 
It  takes  7  or  8  seconds  to  heat  up 
a  shoe  to  approximately  1,200  F, 
and  it  is  the  heating  rather  than 
the  welding  operation  that  sets  the 


Makes  Horseshoes 

pace.  Allowing  about  seconds 
for  indexing  the  feed  table,  a 
welded  shoe  is  produced  every  ten 
seconds. 

Welding  is  accomplished  by  the 
pulsation  method.  A  synchronous 
electronic  timer  determines  the 
duration  of  current  flow  for  each 
pulsation.  The  cool  time  between 
each  pulsation  as  well  as  the  total 
number  of  pulsations  are  controlled 
by  a  sequence  timer. 

Of  six  stations  on  the  horseshoe 
welding  unit,  three  take  care  of 
loading  the  calks  and  the  shoes. 
The  others  are  working  stations 
for  preheating,  welding,  and  auto¬ 
matic  ejection.  An  electronic  se¬ 
quence  panel  controls  the  entire 
operation.  When  starting  up,  for 
example,  the  horseshoe  in  the  heat¬ 


ing  station  will  be  heated  but  the 
welding  head  will  not  come  down 
on  the  shoe  in  the  welding  station 
because  this  shoe  will  be  cold.  Simi¬ 
larly,  when  the  operation  is  stopped, 
the  welding  station  will  operate  on 
the  shoe  that  is  there  but  the  heat¬ 
ing  station  will  not  heat  the  incom¬ 
ing  shoe  until  operation  is  resumed. 

Radio-Beam  Speedometer 
for  Aircraft 

Installation  of  radio  detection 
beams  at  the  Army  Air  Forces’ 
speed  courses  at  Dayton,  Ohio  and 
Muroc  Army  Air  Base,  California 
makes  it  possible  to  measure  accur¬ 
ately  the  speed  of  aircraft  flying  at 
any  altitude  in  any  weather.  The 
installations  employ  three  parallel 
beams  at  right  angles  to  the  charted 
course  of  the  plane.  As  the  plane 
crosses  each  beam  a  signal  is  flashed 
to  a  central  recording  station,  and 
the  time  elapsed  between  signals  is 
measured  against  the  known  dis¬ 
tance  between  beams  to  show  the 
speed  at  which  the  plane  is  travel¬ 
ing.  The  radio  beam  system  oper¬ 
ates  accurately  in  any  weather  and 
any  altitude  and  is  the  first  system 
capable  of  measuring  speed  at  or 
above  the  speed  of  sound. 

The  Dayton  course,  with  beams 
at  Patterson  Field,  Sulphur  Springs 
and  Vandalia,  will  be  used  for 
checking  supersonic-speed  aircraft, 
while  the  California  course  will  be 
used  to  check  the  speed  of  rockets 
and  pilotless  aircraft. 

Electronic  Timer  for 
Inductive  Load 

Recent  work  in  the  physical  chem¬ 
istry  laboratory  of  the  National  Bu¬ 
reau  of  Standards  in  Washington 
involved  the  use  of  a  solenoid-oper¬ 
ated  pump.  The  circuit  employed 
for  this  purpose  is  shown  in  Fig.  1. 
It  uses  a  type  2060  gas-filled  tet¬ 
rode  with  a  170-ohm  resistor  in 
series  to  limit  the  current.  The 
value  shown  limits  the  charging 
surge  of  the  electrolytic  capacitor  to 
less  than  the  rated  maximum  of 
one  ampere  of  the  2060  tube.  The 
circuit  is  described  by  J.  K.  Taylor 
and  J.  G.  Reid,  Jr.  of  the  Bureau  in 


CAPACITOR-DISCHARGE  WELDER 


RoU  spot  w*l(Ur.  x«port*d  to  bo  tho  world's  lorgost.  uses  electronic  recttliers  to 
diortie  M  120-Aii  copocitors  that  discharge  into  welding  transformers.  Westinghouse 
electroidc  controls  permit  900  welds  per  minute  on  sheets  of  0.032*inch  aluminum 
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(continued) 


industrial  and  Engineering  Chemis¬ 
try  for  January  1946. 

The  modified  circuit  has  provided 
over  200  hours  of  operation,  includ¬ 
ing  continuous  periods  of  as  long  as 


PAPER 


FIG.  1 — Circuit  of  oloctronic  timor  that 
has  a  number  of  industrial  applications 


60  hours,  with  no  evidence  of  tube 
failure.  This  is  in  contrast  to  a  life 
of  12  hours  obtained  from  an  884 
originally  used.  Its  pulse  rate  is 
adjusted  by  potentiometer  Ri  and 
the  adjustability  of  the  range  of 
rates  depending  upon  the  values  of 
Ri,  Ri,  and  Ci,  make  it  applicable  to 
a  wide  variety  of  timing  operations. 


How  often  has  your  business  been 
slowed  down  in  recent  months  be¬ 
cause  you  didn’t  get  something  quick 
—  maybe,  because  you  didn’t  specify 
delivery  by  Air  Express! 

Since  a  day’s  delay  in  delivery  can 
cost  a  lot  of  money,  the  great  speed 


of  Air  Express  is  actually  a  money¬ 
making  tool.  It  brings  your  farthest- 
away  supplier  within  a  matter  of 
hours  from  your  door  —  and  at  rates 
which  have  been  drastically  reduced 
—  22%  since  1943.  Put  this  service 
to  work  for  your  business! 


Sensitive  Photo¬ 
electric  Control 

By  K.  M.  Laing 

North  American  Philips  Company,  Inc. 

Dobbs  Ferry,  X.  Y. 

On  many  occasions,  the  engineer 
needs  a  control  apparatus  with 
greater  sensitivity  than  is  provided 
by  most  devices  which  are  readily 
obtainable  on  the  market.  Such  cir¬ 
cumstances  made  it  necessary  for 
the  writer  to  develop  the  arrange¬ 
ment  to  be  described.  Those  who 
encounter  the  same  problem  may 
find  the  design  useful. 

Most  meter  mechanisms  are  de¬ 
signed  to  use  very  little  energy,  and 
it  would  impair  their  accuracy  and 
dependability  if  they  were  called  on 
to  do  more  than  move  the  pointer. 
But  the  meter  movement  is  loaded 
imperceptibly,  if  at  all,  when  the 
pointer  intercepts  a  beam  of  light. 
The  beam  is  made  to  pass  at  right 
angles  to  the  plane  of  the  pointer 
travel.  A  convenient  way  to  do  this 
is  to  mount  a  miniature  lamp  bulb 
in  the  meter  case  under  the  scale, 
and  to  drill  a  small  hole  in  the  scale 
through  which  the  light  passes.  The 
bulb  may  be  of  the  type  used  in  a 


Shipments  go  everywhere  at  the  speed  of  flight 
between  principal  U.  S.  towns  and  cities,  with 
cost  including  special  pick-up  and  delivery.  Same- 
day  delivery  between  many  airport  towns  and 
cities.  Fastest  air-rail  service  to  and  from  23,000 
off-airline  communities  in  the  United  States. 
Service  direct  by  air  to  and  from  scores  of  foreign 
countries  in  the  world’s  best  planes,  giving  the 
world’s  best  service. 


RATES  CUT  23%  SINCE  1943  (U.  S.  A.) 


«2lc 


Writ*  Today  for  the  Time  and  Rate  Schedule 
on  Air  Express.  It  contains  illuminating  facts 
to  help  you  solve  many  a  shipping  problem. 
Air  E^ipress  Division,  Railway  Impress  Agency, 
230  Park  Avenue,  New  York  17,  N.Y.  Or  ask 
for  it  at  any  Airline  or  Railway  Express  office. 

PhoiM  AIR  EXPRESS  DIVISION.  RAILWAY  EXPRESS  AGENCY 
Rsprasanting  Hm  AIRLINES  of  Hm  United  Stcrtas 


Octobar,  1946  — ELECTRONICS 


AmerTran  Transformers 


ARE  €itea£aMk(iriU'm.  specifications 

OF  PROGRESSIVE  ELECTRONIC  MANUFACTURERS 


■^1 


fedeml 


BROADCAST  TRANSMITTERS 


•  AmerTran  Transformers  and  Re¬ 
actors  have  been  specified  for  Federal 
Transmitters  over  a  period  of  many 
years.  WABC’s  50,000  watt  station, 
owl’s  200,000  watt  Tokyo  Broad¬ 
cast  Pacific  stations,  CBS  short  wave 
and  many  other  important  Fed¬ 
eral  installa- 


tionsareAmer- 
Tran-equipped. 
Latest  develop¬ 
ment  is  the  new 
series  of  Fed¬ 
eral  AM  broad¬ 
cast  transmit¬ 
ters,  5  KW  to 
50  KW,  Amer- 
Tran-equipped, 
now  in  pro¬ 
cess  of  manu¬ 
facture. 


PRESS  WIRELESS 


COMMERCIAL  AND  GOVERNMENT 
TRANSMITTERS 


”20-20  teleVISION” 

for 

home  entertainment 


•  Internationally  known  Press 
Wireless,  Inc.  depend  upon 
AmerTran  Transformers  and  Re¬ 
actors  in  their  world  wide  com¬ 
munications  network.  Press 
Wireless  Manu¬ 
facturing  Corp¬ 
oration  Engi¬ 
neers  design 
AmerTrans 
into  their 
streamlined 
transmitters 
for  commercial 
and  govern¬ 
ment  use. 


Allen  B.  Du  Mont 
Laboratories, 
Inc.,  authorities 
in  mcxlem  tele¬ 
vision,  use  Amer¬ 
Tran  Transfor¬ 
mers  in  their 
de  li«e  receivers 
desired  for  the 
quality  home- 
television  field. 


AmerTran  engineers  have  “grown  up“  with 

the  electronics  industry.  The  entire  AmerTran 
organization  is  streamlined  for  efficient  design 
and  manufacture  of  transformers  and  allied 
prcducts  exclusively .  AmerTran  has  progressed 
with  the  industry,  through  many  important 
contributions  to  electronic  development.  Why 
not  let  AmerTran  work  for  you,  too? 


AMERICAN  TRANSFORMER  COMPANY 

178  Emmet  Street  •  Newark  5„  New  Jersey 


TRANSFORMER  SUPPLIERS  TO 
THE  ELECTRONICS  INDUSTRY 


AmerTran 


M  ANU^ACTURIMO  since  at  NEWARK  N  J 


Pion*«r  Manufoctwr*f«  of  TrontfermorR,  Rooefert  ond 


Rectiflort  for  Elo<tromc«  and  Powor  Tron«mi«*ion 
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AUDIO 


®^iid  ionieter 


SWITCHES  TEST  TONE 


INSTANTLY 
FROM  EAR  TO  EAR 
ON  DUAL 
RECEIVERS 


INDUSTRIAL  CONTROL  (continctd) 

small  flashlight,  having  a  lens  cast 
in  the  glass  envelope. 

A  suitable  panel  lamp  socket  as¬ 
sembly  is  mounted  on  the  meter  case. 
For  small  meters,  the  only  availal)le 
space  is  in  the  center  region.  The 
hole  must  be  located  in  the  scale 
card  so  that  it  will  be  completely  cov¬ 
ered  by  the  pointer  at  one  place  in 
the  arc.  A  phototube,  preferably  one 
designed  for  relay  service,  is 

PANEL 


LAMP 


#  Typical  of  the  developmental  skill  which  has  enabled  audio 
engineers  to  introduce  so  many  improvements  in  electronic  and 
communications  equipment,  this  adc  Audiometer  has  been  des¬ 
cribe  as  one  of  the  most  valuable  medical  instruments  of  the  year. 

It  produces  pure,  discrete  audio-frequency  tones  in  dual  re¬ 
ceivers  and  enables  physicians  to  conduct  rapid,  precision  hearing 
tests.  Tone  can  be  transferred  from  ear  to  ear  by  means  of  handy 
panel  switch.  Acoustic  output,  read  direct  on  dial,  is  controllable  ^ 
over  a  range  of  110  db  at  frequencies  from  128  to  11,584  cycles. 

SUBMIT  YOUR  PROBLEMS  in  oudio-ocouttic  DquipmAnt  to  our  onginoort 
for  oxporioncod,  compolont  otfonfion. 


FIG.  1 — CloMMip  of  pcraol  tnstmmont  with 
scolo  romoTod  to  show  pcraol  lamp 
mountod  insido  tho  caao 

mounted  over  the  glass  meter  cover 
so  that  the  light  beam  from  the  un¬ 
eclipsed  hole  will  fall  on  the  sensi¬ 
tive  cathode. 

Light  Shield 

It  is  advisable  to  have  the  photo¬ 
tube  operate  at  very  low  light  level, 
and  to  protect  it  from  unwanted 
changes  in  extraneous  light.  One  way 
to  enclose  a  small  meter  and  a  photo¬ 
tube  in  a  light-tight  box  is  to  use 
a  can  with  a  press-on  lid,  about  li 
inches  larger  in  diameter  than  the 
meter,  and  deep  enough  to  accom¬ 
modate  the  phototube  and  its  socket. 
A  hole  is  made  in  the  lid  of  the  can 
as  large  as  the  meter  hole  in  the 
regular  panel.  The  hole  in  the  can 
lid  should  be  off  center  as  much  as 
possible.  The  lid  is  held  between 
the  panel  and  the  meter  flange.  The 
body  of  the  can  may  be  pressed  on 
or  removed  at  will. 

As  shown  in  Fig.  2,  the  space  at 
the  side  of  the  meter  is  used  to 
mount  a  bracket  that  supports  the 
phototube  socket  A  socket  hole  is 
also  cut  through  the  can  lid  and 
panel  in  this  region,  as  well  as  a 
smaller  opening  for  leads.  The  socket 
is  for  the  tube  which  amplifies  the 


Modal  50  ADC  Awdiemafar 
for  physkions.  Smollor  port- 
oblo,  battory<typo  modak 
obo  avaRabla. 


WRITE  TODAY  for  new  bulletin  No.  E-200 
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arc  available 
in  miniatures 
.  .  .  TUNG-SOL  Miniatures  ISS, 
6AQ6,  6AT6  and  12AT6.  * 

Those  AT6*s  are  used  for  about 
everything  .  .  .  automobile  or  house¬ 
hold  receivers,  television,  aircraft, 
marine  equipment,  public  address  sys¬ 
tems  and  industrial  instruments.  They 
give  top-notch  performance,  they  are 
rugged  and  they  are  small  .  .  .  every¬ 
thing  you  are  looking  for  in  a  tube. 

With  voltage  gains  ranging  between 
37  at  100  volts  supply  to  47  at  300 
volts,  they  are  ideally  suited 
to  the  economical  “grid 


coupling  between  the  two  diodes 
both  add  to  this  tube’s  versatility. 

You  can  use  AT6’s  with  either  the 
diodes  or  the  triode  not  connected  in 
the  circuit.  With  sufficiently  high 
plate  supply  voltage,  they  are  adapt¬ 
able  to  d.c.  amplification  of  the  diode 
output  providing  a  useful  circuit  for 
field  strength  meters  and  a  lot  of 
other  industrial  applications. 

Why  don’t  you  talk  to  the  TUNG-SOL 
service  engineers  about  their  minia¬ 
tures.  You  can,  without  tipping  your 
hand.  You  know  they 
don’t  build  sets. 


current  biased’’  circuit  resulting  in 
remarkable  uniformity  from  tube  to 
tube.  The  AT6’s  are  designed  to 
provide  distortionless  output  voltage 
adequate  to  drive  the  power  stages 
to  full  output  with  but  a  few  tenths 
of  a  volt  input  signal.  And  don’t 
forget  the  two  diodes  which  permit 
high  efficiency  detection  in  the  same 
tube.  Low  capacity  coupling 
to  the  triode  grid  and 
low  electronic 


TUNG-SOL  LAMP  WORKS  INC.,  NEWARK  4,  NEW  JERSEY 

Sales  Offices:  Atlanta  •  Chicago  •  Dallas  •  Denver  •  Detroit  •  Los  Angeles  •  New  York' 
Also  Manufacturers  of  Miniature  Incandescent  Lamps,  AII-'Giass  Sealed  Beam  Headlight  Lamps  and  Current  Intermittors 
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photo-current  from  the  phototube. 
Since  on-off  operation  is  required  as 
well  as  high  gain,  a  gaseous  grid- 
controlled  rectifier  is  employed. 

Phototube  in  Meter 

Another  mechanical  arrangement 
uses  a  phototube  that  is  itself  about 
the  size  of  a  panel  lamp.  If  this  is 
mounted  behind  the  hole  in  the  meter 
scale  card,  one  can  use  a  large  ex¬ 
ternal  light  source.  Then  the  meter 
may  be  used  for  ordinary  visual  in¬ 
dications  as  well. 

The  sensitive  point  can  be  shifted 
in  absolute  value  by  several  means. 
Some  control  is  afforded  by  the  zero 


#  Use  of  Astatic’s  new  Nylon  1-J  Crystal  Pickup 
Cartridge,  employing  a  revolutionary  material  and 
method  of  construction,  not  merely  improves  but 
places  control  of  quality  of  reproduction  in  the 
hands  of  phonograph  engineers  and  manufacturers. 

This  new  Nylon  Cartridge,  another  important 
Astatic  contribution  to  quality  phonograph  repro¬ 
duction,  employs  a  Nylon  Chuck  and  REPLACE¬ 
ABLE,  sapphire-tipped,  knee-action  Nylon  Needle, 

MATCHED  to  the  Crystal 
Cartridge. 

The  Nylon  Needle  de¬ 
signed  for  this  Nylon  1-J  Car¬ 
tridge  is  the  ONLY  NEEDLE 
that  can  be  used  with  it.  REGARDLESS  of  needle 
replacements,  therefore,  the  original  quality  of  re¬ 
production  must  remain  constant  and  unalterable. 


FIG.  2 — Arrongvmsnt  of  photooloctric  roloy 
with  phototubo  in  placo.  but  with  tho  light¬ 
tight  coTor  remoTod 


adjust  mechanism  of  the  meter.  More 
control  is  possible,  aside  from  choos¬ 
ing  a  meter  of  the  desired  rating, 
by  shunting  the  meter  with  a  vari¬ 
able  resistor.  Movement  of  the 
pointer  above  or  below  the  sensitive 
point  is  eliminated  by  changing  one 
or  the  other  of  the  stops  that  restrict 
the  pointer  at  the  ends  of  its  travel. 
The  stop  is  so  modified  that  the 
pointer  cannot  pass  the  sensitive 
spot. 


Thrm-secthm  view  of  cartridge  emd, 
showing  pari  of  crystal  element.  Nylon 
Chuck,  Nylon  Needle  and  needle  guard. 


Soap  Dispenser  for 
Dish-washing 

An  electronically  controlled  soap 
dispenser  for  automatic  dish-wash¬ 
ing  machines  which  makes  possible 
constant  and  completely  automatic 
regulation  of  the  concentration  of 
detergents  in  the  wash  solution  has 
been  designed  by  Barnes  &  Rei- 
necke,  Chicago,  for  Economics 
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JACK  Of  ALL  TRAPES 


SANGAMO  METAL-CASEP  MINERAL  J 
OIL  PAPER  CAPAmm^^^^^^-^ 

Mineral  oil  filled  to  assure  longer 
life  and  more  stable  performance 
over  a  wider  range  of  operating 
temperatures. 


*A  Sangamo  Capacitor 
that  will  fill  your  needs 


Sangamo  Types  20  and  21  Capacitors 
have  attained  extreme  popularity 
with  their  users  because  of  their  ex 
cellent  by-pass  and  coupling  qualities. 
Vacuum  impregnated  and  filled  with 
the  highest  grade  of  mineral  oil,  their 
capacity  is  stable  from  55°C  below 
to  85*^C  above  zero.  Capacitors  are 
available  within  the  range  of  200  to 
2000  volts  working. 


Writ#  Ml#  fi^w  $ofigomo  Copocltor  Cotolog  wHkli  contcint 

f«r  yovr  vt# 


SANGAMO 


ELECTRIC 


COMPANY 


SP-RINGFIELD  •  ILLINOIS 
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INSTRUMENTS? 

Oscillographs 
Flux  Meters 
Watt-hour  Meters 
Flow  Meters 


Light  Meters 
Cardiograph 
Recorders 
Vibration  Pick-ups 


Ammeters 

Voltmeters 

Galvanometers 

Seismographs 


RADIO,  SOUND  AND  COMMUNICATIONS  EQUIPMENT? 

Loud  Speakers  Sound-powered  Vibration  Pick-ups 

Headsets  Telephones  Polarized  Relays 

Microphones  Telephone  Ringers  Generators 

Hearing  Aids  Voltage  Regulators  Meters 

Electrical  Musical  Phonograph  Cutting  Heads  Magnetron  Fields 
Instruments  Phonograph  Pick-ups  /; 


AUTOMOTIVE  AND  AVIATION  EQUIPMENT? 

Magnetos  Voltage  Regulators  Generators 

Tachometers  Motors  Magnetic  Oil 

Compasses  Speedometers  Filters 


THESE  PRODUCTS? 

Arc  Blow-out  Magnets 
Temperature  and  Pressure 
Control  Equipment 
Circuit  Breakers 
Limit  Switches 
Holding  Magnets 


Clocks 

Toys  and  Novelties 
Coin  Separators 
for  Vending 
Equipment 


Magnetic  Separators 
Magnetic  Chucks 
Magnetic  Conveyors 
Magnetic  Clutches 
Magnetic  Damping 
Devices 


THE  ARNOLD  FNr.lNEERIN'G  rOMPANV 


SUBSIDIARY  OF  ALLEGHENY  LUDLUM  STEEL  CORPORATION 
147  EAST  ONTARIO  STREET,  CHICAGO  11.  IIUNOIS 


in  the  manufacture  of  ALNICO  PERMANENT  MAGNETS 


INDUSTRIAL  CONTROL  {contfiio,d) 

laboratory,  St.  Paul.  Operation  of 
the  device  depends  upon  the  change 
of  conductivity  of  the  solution  with 
change  of  concentration. 

Basically  the  unit  consists  of  an 
a-c  resistance  bridge  and  amplifier. 
The  amplifier  was  necessitated  be¬ 
cause  of  the  low  output  of  the 
bridge  circuit,  which  is  operated  at 
six  volts  for  considerations  of 
safety.  Use  is  made  of  a  duel 
triode,  the  6SL7.  One  section  of 
the  tube  is  used  as  a  rectifier,  with 
grid  and  plate  connected,  to  supply 
the  amplifier  section.  The  latter  is 
coupled  to  the  grid  circuit  of  a 
6AC7,  which  is  operated  with  an 
a-c  potential  on  the  plate.  Change 
in  plate  current  of  the  6AC7  is  a 
function  not  only  of  amplitude,  but 
also  of  the  phase  of  the  grid  poten¬ 
tial,  and  the  operation  of  the  relay 
is  thus  unidirectional. 

Operation 

Initially,  the  bridge  is  balanced 
by  adjustment  of  a  variable  resistor 
in  the  grid  circuit  of  the  amplifier 
section  of  the  6SL7.  One  arm  of 
the  bridge  is  furnished  by  the 
resistance  between  two  electrodes 
suspended  in  the  cleansing  solution. 
This  arm  is  balanced  by  a  tempera¬ 
ture-compensating  cell,  a  cylinder 
containing  a  solution  whose  resist¬ 
ance  approximates  that  existing 
between  the  electrodes  in  the  tank 
and  whose  temperature  coefficient 
is  almost  identical  with  that  of  the 
wash  solution.  Thus  variations  in 
temperature  affect  the  two  sides  of 
the  bridge  equally. 

All  the  electrodes  are  contained 
in  a  speecial  housing  and  are  con¬ 
nected  to  the  electronic  unit  by 
flexible  cable.  The  potentiometer 
as  well  as  the  mechanical  construc¬ 
tion  of  the  cells,  which  permits 
variation  in  the  area  of  one  elec¬ 
trode,  allows  a  wide  range  of 
settings  for  balance  at  whatever 
concentration  is  desired. 

Decrease  in  the  concentration  of 
detergent  produces  an  increase  in 
resistance  in  one  arm  of  the  bridge. 
This  unbalances  the  bridge  and 
applies  an  a-c  signal  to  the  ampli¬ 
fier  grid  of  the  6SL7.  Operation  of 
the  relay  in  the  plate  circuit  of  the 
6AC7  controls  a  magnetic  valve 
which  is  closed  when  the  bridge  is 
in  balance.  The  valve  is  connected 
to  the  water  input  to  the  dish- 


IF  YOU  make  any  of  the  above  products,  you 
should  be  interested  in  finding  out  how  better 
permanent  magnets  can  improve  efficiency  and 
reduce  costs.  Put  your  design,  development  or 
production  problems  up  to  The  Arnold  Engi¬ 
neering  Company.  Arnold  engineers  have  been 
of  great  assistance  to  many  manufacturers  and 
are  at  your  service  to  advise  exactly  what  Alnico 
Q  permanent  magnet  will  solve 

your  particular  problem. 


Write  for  Technical  Bul¬ 
letin— "Permanent  Mag¬ 
nets  for  Industry," 
containing  valuable  data 
on  design,  production 
characteristics  and  appli¬ 
cations  of  Permanent 
Magnets. 
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.Jpf^^AUTOMATIC  m 

Voltage  regulato 

if  ■  ■  ■  '.  'i  •  •.  _ 

:  W  V^-'  ■■  '■  *** 


SVR6210-Y 

SVR6215Y 

SVR6220-Y 

SVR6245-Y 

SVR6258-Y 

SVR6412-Y 

SVR64n-Y 

SVR6425-Y 

SVR6450-Y 

SVR6475-Y 


INPUT 

VOLTS 

195-255 

195-255 

195-255 

195-255 

195-255 

380-500 

380-500 

380-500 

380-500 

380-500 


OUTPUT  „ 

VOLTS  KVA 


OUTPUT 


DIMENSIONS  (Inches) 

length  width  depth 


Send  for  Bulletin  150  LE 


^^ONDENSED  . . .  concentrated  .  .  . 
compressed  .  .  .  compact  .  .  .  are  all  words  that 
might  be  substituted  for  packaged”.  The  descrip¬ 
tive  wording  is  unimportant.  Of  importance  is  the 
large  power  controlling  capabilities  packed  into 
SECO  Automatic  Voltage  Regulators. 

The  rating  chart  gives  an  idea  but  only  three 
phase  units  are  listed.  To  learn  about  single  phase 
models  and  the  superior  characteristics  of  all  SECO 
regulators  contact  the  faaory.  You  will  learn  .  .  . 
SECO  Automatic  Voltage  Regulators  maintain  a 
constant  output  voltage  regardless  of  variations  in 
input  voltage  or  output  load  current  .  .  .  there  is 
no  wave  form  distortion  —  no  mechanical  adjust¬ 
ments  —  low  cost  per  KVA.  Write  us  torlay. 


SUPERIOR  ELECTRIC 


COMPANY 


710  LAUREL  STREET 

ELECTRONICS  — Octofcw, 


BRISTOL,  CONNECTICUT,  U.  S.  A. 


(contiiMMd) 


PHOTOTUBE 


VERUCAL 

AMPUFIER 


Lto-UMIT 

APERTURE 


sd^NNING 

DISK 


High  dielectric  strength 
Low  power  factor 
Low  moisture  absorption 
Remarkable  dimensional  stability 
High  mechanical  strength 
Low  co-efficient  of  thermal  expansion 
Low  in  weight  (about  half  that  of  aluminum) 
UnofFected  by  solvents  and  oils 
UnafFected  by  most  organic  acids, 
dilut  mineral  acids  or  salt  solutions 

SEND  FOR  CATALOG  CONTAINING  COMPLETE  DATA. 


FRANKLIN  FIBRE  LAMITEX  CORP. 

WIIMINGTON,  DEL.  -187  LAFAYETTE  ST.,  NEW  YORK  13,  N  Y.^ 


EiMnticil  units  of  tho  oloctronic  microm¬ 
otor  for  continuous  oxotminotion  of  wiro 
and  strip  tUcknoss 

ture  of  plastic-covered  wire,  razor 
blades,  rod,  bar  and  tube  stock, 
coated  or  bare  filament  wire. 

A  measuring  head  contains  the 
aperture  across  which  is  fed  the 
material  to  be  measured.  This  is 
illuminated  by  a  projection  lamp 
that  casts  a  shadow  of  the  object  on 
the  cathode  of  a  phototube  located 
behind  the  measuring  aperture. 
The  area  on  the  surface  of  the  cath- 
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INDUSTRIAL  CONTROL 


Electronic  Micrometer 
for  Thin  Materials 


Continuous  production  measure¬ 
ment  of  wire  diameter  and  strip 
thickness  without  interference  with 
high-speed  manufacturing  methods 
is  accomplished  in  an  electronic 
micrometer  that  uses  a  phototube 
to  measure  the  shadow  of  the  mate¬ 
rial  under  observation  as  it  varies 
from  a  standard  width.  Significant 
economies  are  claimed  when  the  in¬ 
strument  is  used  in  the  manufac- 


washing  machine  so  that  opening 
permits  intake  into  a  small  auxil¬ 
iary  tank  containing  a  super¬ 
saturated  solution  of  detergent 
which  enters  the  main  tank  through 
an  overflow.  When  detergent  suffi¬ 
cient  to  rebalance  the  bridge  is 
added  to  the  wash  tank  the  initial 
conditions  are  established  and  the 
valve  is  closed.  Two  insulated 
bushing  electrodes  are  mounted  in  a 
small  tank  in  series  with  a  thermo¬ 
static  bimetal  switch  and  a  six-volt 
supply  so  that  considerable  increase 
in  resistance  of  this  solution  due  to 
dilution  operates  a  flashing  light  to 
indicate  need  of  additional  deter¬ 
gent. 


FRANEUN  LAMITEX  and  VULCANIZED  FIBRE  are 
highly  machinable.  We  will  machine  ports  ii  you 
lack  facilities — or  furnish  sheets,  rods,  and  tubes.  Both 
LAMITEX  and  FRANKLIN  FIBRE  can  be  drilled,  tapped, 
turned,  threaded,  punched,  shaved,  bored,  reamed, 
sawed,  milled  or  completely  fabricated  into  automatic 
screw  machine  parts. 


Check  these  FRANKUN  LAMITEX  characteristics 


FRANKLIN  LAMITEX 

(LAMINATED  BAKELITE) 

is  so  versatile 

Pictured  below  just  a  few  of  the  many  thousand  various 
parts  we  at  FRANKLIN  FIBRE-LAMITEX  have  furnished 
completely  machined  to  exacting  specifications  for 
countless  uses. 

SHEETS.  RODS  and  TUBES 
FABRICATED  OR  MOLDED  PARTS 


NC-46 


Clean  modern  styling  combines  with  ad- 
vanced  electrical  design  to  make  the  NC-46  an 
outstanding  choice  for  the  amateur.  Workmanship 
is  of  traditional  National  quality  in  spite  of  moderate 
price.  Features  of  the  NC-46  include  a  series  valve  noise 
limiter  with  automatic  threshold  control,  CW  oscillator,  sepa¬ 
rate  RF  and  AF  gain  controls,  and  amplified  and  delayed  AVC. 
Four  coil  ranges  cover  from  550  Kc.  to  30  Me.  A  straight-line- 
frequency  condenser  is  used  in  combination  with  a  separate  bandspread 
condenser.  Look  over  an  NC-46  at  your  dealer  s,  study  it  inside  and  out. 
It’s  a  lot  of  receiver  for  your  money.  y 


NATIONAL  COMPANY,  INC 


MALDEN,  MASSACHUSETTS 
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WRITE  FOR  BULLETINS 

Bulletin  810^  Shallcross  Resistance 
Standards 

Bulletin  825,  Resistance  Decades 
Bulletin  D~l,  Bridges 
Bulletin  LRT,  Low  Resisunce  Test  Sets 
Bulletin  G,  Electrical  Measuring 
Apparatus  for  schools  and  colleges 


...on  Bveryday  fobs 


INEXPENSIVE 
ACCURATE 
RUGGED 

EASILY  REPAIRED 
IN  CASE  OF  MISUSE 


Hundreds  of  production  line  testing 
jobs  and  field  investigations,  in  addi* 
don  to  laboratory  tes^s  require  depend¬ 
able  instruments  of  a  type  that  don't 
have  to  be  kept  under  lock  and  key 
because  of  their  extreme  delicacy  and 
high  cost.  Shallcross  answers  this  need 
with  many  types  of 

BRIDGES  —  DECADE  BOXES 
RESISTANCE  STANDARDS 
DECADE  POTENTIOMETERS 
HIGH-VOLTAGE  TEST  EQUIPMENT,  etc. 

These  instruments  are  accurate  for 
every  commercial  and  laboratory  need 
up  to  the  point  of  the  most  exacting 
research  in  pure  physics.  They  are 
rugged,  easy  to  operate  and  decidedly 
moderate  in  price.  In  case  of  misuse, 
they  can  quickly  be  repaired  to  full 
efficiency  by  any  reasonably  competent 
individual  without  the  expense  and 
delay  of  returning  them  to  the  factory. 


SHALLCROSS  MFG.  CO.,DEPT.  E106,  Colliiyidale,  Pa. 


SHALLCROSS 


Eiectriial  Measuring  Ap¬ 
paratus  •  AKRA-OHM  Re¬ 
sistors  •  Precision  Switches 
•  Electronic  Engineering 


ode  that  is  not  in  a  shadow  produces 
a  voltage  signal  in  the  load  resistor 
of  the  phototube. 

Two  other  openings,  one  on  each 
side  of  the  measuring  aperture,  are 
separately  adjustable  to  represent 
the  positive  and  negative  tolerance 
limits  to  which  the  material  must 
conform. 

A  scanning  disc  rotates  between 
the  phototube  and  the  apertures, 
exposing  each  of  the  three  in  se¬ 
quence.  As  a  result  of  this  rota¬ 
tion,  three  voltage  pedestals  are  fed 
to  the  amplifier  circuit,  each  follow¬ 
ing  the  other  in  a  time  sequence 
that  is  synchronized  with  the  disc 
rotation.  At  the  points  in  the  cycle 
where  the  scanning  disc  changes 
from  one  aperture  to  another,  par¬ 
ticular  care  in  design  is  taken  so 
that  the  total  area  uncovered  at 
any  one  time  is  constant. 

The  phototube  emits  a  voltage 
signal  that  is  a-c  in  character  and 
allows  the  use  of  a-c  amplification. 
Signal  level  changes  only  in  propor¬ 
tion  to  the  tolerance  of  the  mate¬ 
rial  under  measurement  and  does 
not  change  with  respect  to  the  ab¬ 
solute  dimension  of  the  material. 
The  sensitivity  of  the  instrument 
developed  by  Wilmotte  Manufac¬ 
turing  Co.  is  not  dependent  on  the 
size  of  material  being  measured. 
For  instance,  it  is  possible  to  meas¬ 
ure  a  dimension  of  either  0.6  or 
0.005  inch  within  the  accuracy  of 
±0.0002  inch. 

Display  of  Information 

Each  of  the  three  voltage  ped¬ 
estals  produced  by  the  phototube  is 
amplified  in  a  common  amplifier 
circuit  and  is  then  applied  to  the 
vertical  defiection  plates  of  an  oscil¬ 
loscope.  The  sweep  yoltage  is  ap¬ 
plied  to  the  horizontal  plates  of  the 
oscilloscope  so  that  termination  of 
each  viewing  cycle  occurs  at  the 
same  time  that  the  scanning  disc 
alternates  from  one  aperture  to  an¬ 
other.  Each  of  the  three  voltage 
pedestals  now  appears  as  a  hori¬ 
zontal  line  on  the  face  of  the  oscil¬ 
loscope  screen,  and,  owing  to  the 
persistence  of  the  screen,  combined 
with  a  rapid  scanning  rate,  the 
three  lines  appear  as‘  simultaneous 
and  continuous  traces. 

When  the  size  of  the  material 
under  measurement  changes,  the 
I  voltage  signal  represented  by  the 
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WRITE  TODAY  for  complete  details 

HUGH  H.  EBY,  INC. 

18  W.  Chelten  Ave.  Phila.  44,  Pa. 


The  WEBSTER  ELECTRIC  Line 


of  Cartridges  Offers 


an  Opportunity 


INDUSTRIAL  CONTROL  (contliiMd) 

test  trace  varies  proportionately, 
and  causes  this  test  trace  to  change 
its  position  relative  to  the  two  limit 
traces.  The  two  limit  traces  main¬ 
tain  their  relative  positions  exactly 
as  they  have  been  adjusted  for  a 
given  production  run. 

Design  Features 

Voltage  variations  that  normally 
cause  fluctuation  of  an  oscilloscope 
pattern  cause  no  error,  as  all  three 
traces  move  together.  In  the  same 
manner,  gain  variations  in  the 
scope  or  amplifler  circuits  cancel 
out,  as  all  three  signals  are  ampli¬ 
fied  in  the  same  channel.  The  use 
of  a  single  phototube  eliminates 
error  owing  to  fatigue,  temperature 
change,  and  other  variations  that 
are  commonly  attributed  to  the 
phototube  as  limiting  factors  in 
its  use  as  a  quantitative  measuring 
means. 

Vibration  of  the  material  under 
test  does  not  cause  an  error  in 
measurement  since  the  apertures 
are  so  constructed  that  vibration  in 
the  horizontal  plane  merely  changes 
the  position  of  the  shadow  on  the 
phototube  and  does  not  change  its 
magnitude.  The  effect  of  vibration 
in  the  vertical  plane  is  minimized 
by  the  use  of  parallel  light,  which 
avoids  a  change  in  the  size  of  the 
I  shadow  on  the  phototube  with 
j  change  in  position  of  the  material 

i  GLASS  TO  METAL  SEAL 


For  making  largo  and  complex  glass-to* 
metal  eeole.  engineers  at  Westinghouse 
Lamp  DiTiskm  bore  developed  a  method 
In  which  the  metal  Kovor  Is  heated  In  a 
temperature-controlled  oven,  then  cooled 
and  sprayed  os  shown  above  with  pow¬ 
dered  glass  suspended  in  liquid.  A  second 
heating  fuses  the  glass  into  a  film  to  which 
the  gloss  tube  envelope  can  be  seoled  in 
the  onttnory  monner 
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The  Correct  Cartridge  for 


•  WEIGHT 

•  RESPONSE 
CHARACTERISTICS 

•  VOLTAGE  OUTPUT 


•  DIMENSIONS  AND 
MOUNTINGS 

•  TYPE  OF  TERAAINALS 

•  TYPE  OF  GROUND 


•  TRACKING  PRESSURES 


•  WEBSTER  ELECTRIC  Com- 
pany  has  not  overlooked  the  re¬ 
quirements  of  the  trade  for  a  good 
high  quality,  long  life  cartridge. 
Experienced  engineers  have  de¬ 
signed  cartridges  to  include  all 
necessary  and  important  factors. 

Webster  Electric  cartridges  have 
been  widely  used  over  a  period 


of  years  and  proved  their  value 
for  dependability  so  that  you  can 
select  them  with  confidence  for 
original  equipment. 

If  you  are  not  acquainted  with 
the  complete  line,  it  will  pay  to 
write  to  Webster  Electric  Com¬ 
pany,  Racine,  Wisconsin,  for  full 
information. 


iZjUenstd  under  patents  of  the  Brush  Development  Company) 


WEBSTER 


RACINE 


ELECTRIC 


WISCONSIN 


EaUblUhed  1909 


tspori  DapI- 13  R-  40lh  Straaf,  Naw  Yarit  (16),  N.  Y.  Cabla  Acldra**  **ARLAB’'  Naw  Yarfc  CHy 
**Wh*r*  Quality  Is  a  Rusponslblllty  and  Pair  Dealing  an  Obligation* 


ELECTRONIC  DISTRIBUTOR  AND  INDUSTRIAL  SALES  DEPARTMENT 


MAGU  RE  NDUSTR  ES 


INCORPORATED 


MEISSNER 

COILS 

Unexcelled  in  stability... dustproof  and  completely 
unaffected  by  humidity  changes.  The  standard  of 
coil  quality  for  24  years. 


The  name  Thordarson  is  your  assurance  of  trans¬ 
former  quality...  a  guarantee  of  efficient,  trouble- 
free  performance  backed  by  51  years  of  out¬ 
standing  transformer  manufacture.  For  every 
electronic  requirement. 


RADIART 

AERIALS 


THORDARSON 

TRANSFORMERS 


A  complete  line,  designed  for  all  cars. ..featuring 
Static  Muffler  Ball  to  minimize  corona  discharge 
static  and  famous  Plasti-Loom  Lead  for  maximum 
signal  transfer  efficiency. 
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Superhet  Tracking  Formulas . 

Evolution  ol  Radiolocation . 

Sldotron  . 

Relativity  . 

Feasibility  of  Dielectric  Waveguides . 


R-F  CIRCUfT 


'  ^  OSCILLATOR  dRCUIT 
LARGEST  VALUE  OF  Csum  >  Cmax 
LARGEST  VALUE  OF  Cttl  *  Crpr 


Superhet  Tracking  Formulas 

By  Joseph  Marshall 
Ozone,  Tennezzee 


Hg.  1 — ^RMonont  drcnHs  of  oocUlotor  cmd 
r-l  Input 

usual  frequencies,  C.i.  will  be  about 
30  to  35  fifif, 

(2)  By  resonance  formulas  deter¬ 
mine  the  necessary  inductance  to 
tune  the  r-f  circuit  to  the  highest 
radio  frequency  with  the  estimated 
minimum  capacitance. 

(3)  By  the  same  means  determine 
the  inductance  necessary  to  tune  the 
local  oscillator  to  the  highest  radio 
frequency  plus  the  intermediate  fre- 


the  trimmer  capacitances.  The 
more  accurately  it  is  determined, 
the  more  accurately  will  tracking  be 
calculated.  However,  because  all 
tracking  formulas  require  pragmatic 
adjustment,  any  error  if  not  too 
great  can  be  compensated  in  the 
working  circuit  by  the  trimmer.  Us¬ 
ing  half  the  expected  trimmer  ca¬ 
pacitance  affords  adjustment  in 
either  direction.  In  usual  circuits  at 


Padding  and  trimming  capacitors 
used  to  adjust  the  tracking  of  oscil¬ 
lators  and  r-f  circuits  of  superhetero¬ 
dyne  receivers  employing  ganged, 
equal-section,  variable  capacitors 
can  be  calculated  with  sufficient  ac¬ 
curacy  for  practical  purposes  from 
the  two  formulas  presented  below. 
Design  procedure  using  these  equa¬ 
tions  is  described  and  illustrated. 

Simplified  Trucking  Formulas 

Using  the  following  tracking  for¬ 
mulas,  derived  in  the  appendix,  sim¬ 
plifies  calculation  of  superhetrod3nie 
tuning  constants 


MEDICAL  DIAGNOSIS 


-  (1/Cp«,) 

where 

— minimum  capacitance  in  cir¬ 
cuits 

C„,am — Maximum  capacitance  re¬ 
quired  to  tune  lowest  r-f  with 
given  inductance 

C.tr— cRpacitance  required  to  tune 
oscillator  to  a  frequency  equal  to 
the  lowest  r-f  plus  the  i-f 
— ^padding  capacitance  required 
to  provide  low-frequency  track- 


Ctrm — oscillator  trimming  capaci¬ 
tance  to  secure  high-frequency 
tracking 

A — ^highest  radio  frequency 
fa — Slowest  radio  frequency 
f — intermediate  frequency 

Design  Procedure 

Design  of  the  circuit  shown  in 
Fig.  1  is  carried  out  in  seven  steps. 

(1)  Determine  which  can  be 
estimated  to  be  between  two  and 
three  times  the  tuning  capacitor  min¬ 
imum.  This  capacitance  is  composed 
of  wiring,  minimum  tuning,  and  half 


UMd  to  cupploment  x-rciy  •nnnlnoUon  or  whoro  x-roy*  on  not  arailabU.  this  motol 
locotor  quickly  spots  foreign  particles  imbedded  in  patients.  For  examinotion  prior 
to  operation,  the  probe  is  initially  used  on  its  tide  to  detect  the  imbedded  metoL 
then  tipped  foremost  to  locate  the  particle's  exact  position.  Increasing  pitch  of  the 
tone  generated  by  the  metal  locator  indicates  approach  to  the  particle 
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Here’s  a  schematic  diagram  that  will  last  as  long  as  the 
equipment  on  which  it  goes — in  years  to  come,  maintenance  mea 
will  be  able  to  get  at  a  glance  the  information  they  need. 

It’s  made  of  tough  and  durable  G-E  Textolite  laminated 
plastics  and  has  good  chemical,  weathering,  and  impact  resistance — 
excellent  electrical  insulating  properties  too.  The  precise  drawing 
in  red  and  black  is  quick  to  read,  and  strong  construction  insures 
this  readability  for  many  years. 

G>£  Textolite  instruction  plates,  control  dials,  charts,  and 
nameplates  have  proved  superior  to  those  made  with  other  ma« 
terials  in  many  applications,  and  so  that  various  application  require¬ 
ments  can  be  met  satisfaaorily  and  economically,  several  types  are 
available — Graphic,  Engraved,  Printed,  Stamped,  or  Embossed. 

Why  not  investigate  the  possibility  of  preserving  that  im¬ 
portant  product  information  on  your  equipment  with  G-E  Textolite 
instruction  plates.  Write  to  Section  ^5,  General  Electric  Com¬ 
pany,  Plastics  Division,  Chemical  Department,  One  Plastics  Avenue, 
Pittsfield,  Mass. 


G-E  TEXTOLITE  IS  SUPPLIED  IN  THE  FOLLOWING  FORMS: 


Sh««ts,  tubes  and  reds 
Post-foraiad  lomlnotas 


Fabrkcrtad  parts 
Instruction  plates 
Low-pressure  molded  ports 


Molded-lomlnoted  ports 
Translucent  laminates 


GENERAL  B  ELECTRIC 


GENERAL  ELECTRIC  PLASTICS  FACTORIES  ARE  LOCATED  IN  . 

Ft.  Wayns,  ind.  Msridsn.  Conn.  Scranton,  Fa. 

Tounton,  Mats.  Lynn,  Matt.  Pitttflald,  Mott. 


HAYDON 

?5901  ADJUSTABLE  TIME 
DELAY  RESET  TIMER 


FEATURES  OF  THE  r:5901  TIMING  MOTOR  INCLUDE 


ELECTRON  ART  (contliiMd) 

quency  (A  -f  /)  with  C«,.. 

(4)  Using  the  inductance  deter¬ 
mined  in  step  2,  determine  tc> 
tune  the  r-f  circuit  to  the  required 
lowest  radio  frequency. 

(5)  In  the  same  manner  but  using 
the  inductance  determined  in  step  3, 
determine  the  effective  capacitance 
necessary  to  tune  the  oscillator  to  the 
lowest  radio  frequency  plus  the  inter¬ 
mediate  frequency  (A  +  /). 

(6)  The  required  maximum  ca¬ 
pacitance  of  the  main  tuning  capaci- 


For  Accurate  Time 
Delay  Control 


^  A  top  performance  on  the  drums  re- 
quires  a  “warm-up”  backstage  before 
concert .  .  .  it’s  the  “warm-up”  that 
\  makes  a  performance  exceptional  — 

whether  on  the  drums  or  in  the  field 
electronics.  For  electronic  applica- 
tions  requiring  a  similar  “warm-up” 
period  before  normal  operation  can  begin  —  use  the  new 
#5901  adjustable  reset  timer  developed  by  the  HAYDON 
MANUFACTURING  CO. 

This  new,  adjustable  time  delay  reset  timer  is  designed 
for  power  tube  applications  which  require  the  filaments  to 
be  heated  for  a  short  time  before  the  plate  voltage  is  applied. 
Also  applicable  for  numerous  other  industrial  uses  where 
adjustable  time  delay  timers  are  required. 


CoBTMtvr  using  twin  gongsd  tuning 
capacitors 


tor  Will  equal  Cm-  —  (C«t,  minus 
minimum  capacitance  of  main  tuning 
capacitance) . 

(7)  Determine  the  values  of  Cp.^ 
and  Ctr.  using  the  constants  deter¬ 
mined  in  previous  steps  and  Eq.  1 
and  2. 

A  check  for  tracking  can  be  made 
by  determining  from  resonance  for¬ 
mulas  the  frequencies  tuned  by  the 
r-f  and  oscillator  circuits  at  various 
capacitance  settings  and  comparing 
their  differences  to  the  intermediate 
frequency.  The  total  oscillator  cir¬ 
cuit  capacitance  at  any  given  point 
is  given  by 


•  Delay  range  from  I  second  to  10  minutes. 

•  Magneticaity-controlied  clutch  that  automatically 
engages  gear  train  when  energized  and  disengages 
when  de-energized. 

•  Drive  shaft  returns  to  its  starting  position  by  spring 
action  when  cuirent  is  turned  off. 

•  One-way  friction  to  absorb  shock  to  gear  train  at 
end  of  a  return  travel. 

•  Timer  switch,  normally  open  or  dosed,  is  rated  at 
10  amperes,  125  volts. 

•  Available  with  l/IO,  I  and  4  rpm  motors. 


C#  *4“  Ctrm  Cptid 

where 

Ctu — total  capacitance  in  oscillator 
circuit  when  tuning  capacitance 
is  set  at  C« 

C, — any  particular  setting  of  ca¬ 
pacitance  of  the  oscillator  tun¬ 
ing  capacitor,  includes  minimum 
tuning  and  wiring  capacitance 

Example 

For  a  circuit  required  to  tune  from 
7  to  15  me  with  a  capacitor  having  a 
minimum  capacitance  of  10  ppi,  C.i. 
is  estimated  to  be  20  ppi,  as  sug¬ 
gested  in  step  1.  By  step  2,  an  in¬ 
ductance  of  5.6  fih  is  necessary  to 
tune  the  r-f  circuit  to  15  me  with 


Prices  and  de  livery 
information  upon 
request. 
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rA  TRANSFORMERS 


IMPORTANT  READING 

for  every  designer ^  manufac¬ 
turer,  salesman  and  user  of 
electrical  or  electronic  equip¬ 
ment. 

Aak  tor  Boffodo  DCV>1t2 


Let  a  SOLA  CONSTANT  VOLTAGE  TRANSFORMER 

insure  the  claims  made  for  your  equipment 


Trcmsformere  fori  Constant  Voltage  •  Cold  Cathode  Lighting  •  Mercury  Lamps  •  Series  Lighting  •  Ruorescent  Lighting  •  X>Ray  Equipment  •  Luminous  Tube  Signs 
01  Rumor  Ignition  •  Radio  •  Power  •  Controls  •  Signal  Systems  •  etc.  SOLA  ILICTRIC  COMPANY,  3S3S  Oyboora  Avoooo,  Cldcego  14,  IHIooto 

UmtmfmawMi  in  CmmmSm  mndtf  Ucmnt*  to  FEUtANTl  ELACT&IC  UMITSO.  Toraoto 


•  When  you  establish  the  performance  standards  for  your  equip¬ 
ment — are  you  taking  into  consideration  the  fact  that  line 
voltages  in  the  field  will  vary  as  much  as  15^  from  the 
nominal  value  specified  on  your  label? 

These  voltage  variations  are  your  problem.  Your  equip¬ 
ment  must  work  properly  in  spite  of  them. 

You  can  buUd  voltage  variations  out  of  your  equipment  by 
building  Sola  Constant  Voltage  Transformers  IN'TO  it.  These 
transformers  will  absorb  line  voltage  variations  as  wide  as  30 
'  while  maintaining  rated  voltage  to  your  equipment. 

Many  manufacturers  have  built  this  protection  into  their 
product  at  an  actual  saving,  both  in  original  cost  and  main¬ 
tenance.  Consultation  with  Sola  Engineers  may  show  you  the 
way  to  similar  savings. 

Sola  Constant  Voltage  Transformers  are  available  in  ca¬ 
pacities  from  1  VA  to  15  KVA.  Many  standard  designs  are 
available  from  stock.  If  standard  units  are  not  suited  to  your 
requirements,  special  transformers  can  be  designed  to  your 
specifications. 
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20  /i/if.  For  step  3  the  intermediate 
frequency  is  to  be  600  kc,  therefore 
the  oscillator  frequency  at  the  high¬ 
est  frequency  must  be  16.6  me.  The 
necessary  inductance  with  20  /i/xf  is 
6.2  fjth.  By  step  4,  the  maximum 
capacitance  required  to  tune  to 
7  me  with  an  inductance  of  6.6  /xh 
is  92.6  fiixi.  By  step  6,  the  effective 
capacitance  C^tt  necessary  to  tune 
an  inductance  of  6.2  /if  to  a  fre¬ 
quency  of  7.6  me  is  86.6  /i/if.  From 
step  6,  the  maximum  capacitance  of 
the  required  gang  capacitor  is  82.6 
/i/if  per  section.  Using  Eq.  1  and  2 
for  step  7,  the  padder  and  trimmer 
capacitances  are  found  to  be 


(1/86.6)  -  (1/92.5) 

=  1370  MMf 

"  (1/20)  (1/1370)“  '^ 

=  0.3  nfit 

The  tracking  obtained  by  these  de¬ 
sign  values  is  shown  in  Table  I.  The 
large  tracking  error  at  minimum  ca¬ 
pacitance  is  due  to  the  fact  that  in- 

1 — Calculated  Trackinq  Error 

(capacitances  in  miaromicrofarads) 

Mn  r-f  cap.  50%  r-f  cap.  Max  r-f  cap. 

20.0  50.0  92.5 

Min  08C  cap.  50%  oec  cap.  Max  oac  cap. 

20.0  48.5  86.6 

Corresponding  radio  frequency  in  roc 

15.036  9.509  6.992 

Corresponding  oscillator  freq  in  roc 

15.588  10.042  ‘  7.502 

Resultant  intermediate  freq  in  kc 
552  533  510 

Design  i-f  is  500  kilocycles 

ductance  values  given  are  slightly 
lower  than  actually  required,  6.62 
and  6.28  /ih  respectively.  The  de¬ 
sign  values  were  given  to  only  one 
decimal  place  because  in  practice  it  is 
difficult  to  wind  coils  more  accur¬ 
ately.  The  tracking  error  can  be  re¬ 
stored  in  the  working  circuit. 
Measurements  on  a  circuit  built  with 
these  parameters  are  given  in  Fig.  2. 
Final  alignment  was  made  at  the 
customary  points  about  ten  percent 
in  from  the  extreme  ends.  The  in¬ 
ductance  can  be  adjusted  to  obtain 
tracking  in  the  middle  of  the  band  if 
desired. 

Appendix 

Equations  1  and  2  are  derived 
from  the  superheterodyne  circuit  of 
Fig.  1  in  which  C„„  includes  the 
minimum  capacitance  of  the  tuning 
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Such  a  record  changer  as  the  Garrard  cannot  be 
built  for  so  many  dollars  and  cents.  It  is  intended  for 
your  finest  combinations,  where  quality  not  price  is 
your  talking;  point. 


For  your  own  satisfaction,  turn  any  other  record 
changer  you  use  in  your  combinations,  ‘‘bottoms  up” 
and  compare  it  to  the  Garrard.  Immediately  you  will 
see  the  difference.  Where  others  have  little  tension 
springs  and  stamped  outl)its  and  parts,  Garrard  is 
completely  controlled  by  fine  precision-machined 
gears  and  cams. 

Obviously,  the  many  exclusive  features  that  make 
the  Garrard  changer  more  precise ...  more  human 
...than  human  hands,  don’t  show  in  a  photograph 
right-side-up  or  upside  down.  Read  about  them 
here.  Better  still,  send  for  a  sample  changer  and 
put  it  through  your  own  tests. 


g«v«rnor-(onlr»lled,  spttd-refslotce 

motor  •  complotoly  antomolir 
miiing  •  rongt  of  picknpt 
ovoiloblo  •  truo-tongonl, 
jowollod-pivol  pickup  • 
ucittsivo  non-slip  spindit 


record  chmnger  they  a$k  for  by 

GARRARD 

WORLD’S  FINEST  AUTOMATIC  RECORD  CHANGER 


Write  for  sample  changer:  GARRARD  SALES  CORE.,  401  Broadway,  New  York  13,  N.  Y. 
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capacitor,  trimmer  and  wiring  ca¬ 
pacitance.  The  total  capacitance  in 
the  oscillator  circuit  at  any  setting 
of  C,  is  as  given  by  Eq.  3,  from  cir¬ 
cuit  theory.  The  sum  of  the  capaci¬ 
tances  in  the  r-f  circuit  is 

Cmrn  “  Cm  +  C»  (4) 

Using  the  least  value  of  C^,  the 
necessary  inductance  to  tune  the  r-l 
circuit  to  the  highest  required  fre¬ 
quency  is  uniquely  determined.  This 
inductance  and  the  lowest  required 


nq.  2 — M«aaur«d  trackiBq  •nor  ciilor 
aliqnmont 

frequency  uniquely  determine  the 
largest  required  value  of  C...,  that  is 
C...,  which  in  turn  determines  the 
maximum  value  of  the  variable  ca¬ 
pacitance 

Likewise,  in  the  oscillator  circuit 
the  least  value  of  Ctti  and  the  highest 
required  oscillator  frequency  deter¬ 
mine  the  oscillator  inductance.  Be¬ 
cause  Cmj  ia  normally  very  high  com¬ 
pared  to  C.I.,  its  effect  in  Eq.  3  on 
Ctn  can  be  neglected  when  C.  is  zero. 
Similarly  Ct,.  is  small  and  can  be 
considered  a  part  of  U»i,.  Therefore 
at  the  higher  frequencies  the  total 
capacitance  of  the  oscillator  circuit 
is  very  nearly  equal  the  minimum 
circuit  capacitance,  and  this  value 
can  be  used  to  determine  the  value  of 
the  oscillator  inductance. 

Because  the  capacitors  in  both  r-f 
and  oscillator  circuits  are  equal,  as 
their  capacitances  are  increased  the 
difference  in  circuit  inductances  will 
cease  being  sufficiently  effective  to 
maintain  the  intermediate  fre¬ 
quency,  the  oscillator  resonating  too 
low.  The  required  C,tt  to  tune  to 
/,  -f  /  is  given  by 

25.330 

where 

L„., — oscillator  inductance 

To  correct  the  oscillator  circuit 
capacitance  to  this  value,  the  padder 
is  introduced.  Its  value  can  be  found 
is  set  to  a  large  value,  thus 


the  Plastic 
Perfectionist 


GIVES  YOU  THE  JOB 
FULLY  ASSEMBLED 

“Sure,  I  can  bake,’*  says  Felsy,  “and 
don’t  underestimate  my  abilities.  ...  If 
you  want  a  six-layer  cake  complete  with 
icing,  lettering,  dolls  on  top,  and  flaming 
candles,  it’s  as  much  my  job  as  punching 
holes  in  standard  doughnuts!’’ 

.  .  .  By  which,  Felsy  means  that  just  as 
we  are  tops  in  turning  out  your  plastic 
parts,  we  are  experts  in  COMPLETE 
ASSEMBLY  jobs  as  well.  And  we  can 
give  you  embossing,  printing,  and  en¬ 
graving,  too,  if  your  plans  call  for  it. 
We  have  complete  facilities — LAMINAT¬ 
ING.  FABRICATING,  INJECTION 
MOLDING.  PRINTING,  ASSEMBLING 
—to  carry  your  idea  straight  through 
from  the  drawing  board  to  the  loading 
platform. 


Write  for  booklet  3-A  on  your  letterhead 


{I/Cm)  -  (1/C^) 


where 
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A  6ve>in<one  instrument  answering  any  and  all  of  the  varied,  involved  test  problems  for 
manufacturers  of  electronic  equipment;  a  multi-purpose  test  mechanism  spanning  twenty- 
nine  separate  ranges  involving  any  laboratory,  inspection,  or  ser\’ice  test  job.  Here  is  an 
insulation  tester  reaching  a  range  of  ten  billion  ohms  ...  an  AC-DC  vacuum  tube  volt¬ 
meter  ...  an  ohmmeter  .  .  .  and  a  capacity  meter.  Complete  your  testing  equipment  with 
this  multi-purpose  miracle.  Ask  your  jobber  about  it  today,  or  write  us  direct  for 
RCP  Catalog  #129. 

OUTSTANDING  RCP  FEATURES 


ir  RMdinqs  at  low  •«  0.1  ohms,  0.000002  mfd., 
O.S  volt  AC  and  O.OS  volt  DC 

If  Ona  of  ttia  faw  Instrumants  of  Its  kind  that 
has  an  accurata  diract-raading  capacity 
matar  with  a  ranga  of  2  mmf.  to  2000  mfd. 
—  a  40,000,000  to  I  maasuramant  ratio 

if  Tha  "Maggar"  providai  accurata  Insulation 
rasistanca  tasts  at  500  volts  from  0  to  10 
billion  ohms 


if  Giant  8"  ractangular  wida-scala,  high  torqua 
Alnico  matar,  accurata  to  within  2% 
if  Tha  Vacuum  Tuba  Voltmatar  maasuras  signal 
and  output  voltagas  from  10  to  250,000  c.p.s. 
if  Tha  matar  cannot  ba  damagad  by  using  tha 
low  ranga  for  high  voltaga  raadings 
if  Constant  accuracy  of  low  rasistanca  ohmmatar 
rangas  is  guarantaad  by  tast  of  ohmmatar 
battary  undar  load  to  datarmina  its  condition. 


RANGES- 


Insulation  Tastar:  i  megohm  to  t0,00C 
megohms  at  500  volts. 

AC  Vacuum  Tuba  Voltmatar:  (Direct  Read¬ 
ing)  Input  Capacity:  0.00005  mfd.  at 
terminals  of  instrument.  Input  Rasistanca: 
160  megohms  on  1500  and  6000  volt 
ranges,  and  16  megohms  on  low  ranges. 
Seven  Ranges:  0/3/6 /30/I50/600/I500/600C 
volts. 

DC  Vacuum  Tuba  Voltamatar:  (Direct 
Readina)  Sensitivity:  160  megohms  on  1500 
and  6000  volt  ranges,  and  16  megohms 
on  low  ranges. 

Six  Ranges:  0/6/30/150/600/1500/6000  volts. 
Vacuum  Tuba  Ohmatar:  (Direct  Reading] 
Seven  Ranges:  0/1, 000/ 10,000/ 1 00, (XX)  ohms 
l/IO/IOO/IOOO  megohms. 

Vacuum  Tuba  Capacity  Meter:  8  separate 
ranges  from  0.000002  —  2,000  mfd. 

Model  6«SA  — in  sturdy,  grey,  crackle- 
finish  steel  case,  complete  with  four  test 
leads,  self-contained  batteries  and  carry¬ 
ing  handles. 


RCf  Instruments— Best  For  Every  Test! 


RADIO  CITY  PRODUCTS  COMPANY,  INC 


127  WEST  26th  STREET 


NEW  YORK  CITY  1  ,  N.Y 


MANUFACTURERS  OF  PRECISION  ELECTRONIC 


LIMIT  BRIDGES,  VACUUM  TUBE  VOLTMETERS.  VOLT 


ANALYZER  UNITS.  TUBE  TESTERS.  MULTI 


-EDUCATIONAL 

OR  INDUSTRIAL 
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Ct, — largest  value  of  oscillator  ttn- 
ing  capacitor  (because  the  r-f  and 
oscillator  tuning  capacitances  are 
equal,  can  be  closely  approximated 
by  C«,x  which  substituted  in  Eq.  6 
gives  Eq.  1.) 

Addition  of  the  padder  will  reduce 
the  capacitance  at  the  high  frequency 
end  necessitating  inclusion  of  the 
trimmer  giving 


Because  we  started  by  producing 
resonance  with  only  C.m,  we  need  a 
trimmer  capacitance  that  will  make 
C,„  equal  C„i.,  thus 


(1/C„u)  ~  (1/Cp.a) 

The  trimmer  capacitance  will  be  so 
small  that  it  will  not  affect  tracking 
at  the  low  frequency  end  of  the  tun¬ 
ing  range.  Therefore  we  can  stop 
this  sequence  of  approximations 
here. 


Evolution  of  Radiolocation 

Radiolocation  systems  measure  at 
least  two  of  the  three  coordinates 
which  are  required  to  define  the  posi¬ 
tion  of  one  object  relative  to  another. 
Sir  Robert  Watson-Watt,  in  review¬ 
ing  the  development  of  military  ra¬ 
diolocation  in  Britain  at  the  March 
Radiolocation  Convention  in  Eng¬ 
land,  differentiated  between  simple 
direction  finding  and  radiolocation 
on  the  basis  that  only  in  radioloca¬ 
tion  can  distance  be  unambiguously 
inferred  from  measurement  of  the 
time  of  travel  of  the  radio  wave. 


Compact  instrument  combining  in  one  unit  all  the  features  that 
make  it  an  essential  part  of  every  electrical,  physical  or  mechanic 
cal  laboratory  in  colleges,  technical  schools  and  industrial  plants. 

Simple  to  operate  from  any  110  volt  light  socket.  Magazine  loading  of 
photographic  paper  or  film  6"  wide  by  100'  to  200'  long,  instantaneous  and 
in  daylight.  Multiple  recording  of  up  to  12  quantities  simultaneously. 

Viewing  screen  for  observation  during  recording.  Adjustable  record  speed 
covering  all  normal  requirements.  Precision  optical  system  producing  records 
of  highest  quality. 

Adaptable  to  all  requirements— -interchangeable  galvanometers  cover  a 
wide  range  of  characteristics.  Natural  frequencies  25  to  10,000  cps.  Sensi¬ 
tivity  to  10,000  millimeters  per  milliampere  at  one  meter.  Attachments  avail¬ 
able  to  cover  all  applications. 

Investigate  the  only  COMPLETE  Oscillograph  af  LOW  cost. 

Write  for  technical  bulletin  SP-183. 

Hathaway  Instrument  Co.,  1315  S.  Clarkson  St.,  Denver  10,  Colorado. 


Types  of  Systems 

Radar  is  one  form  of  radiolocation. 
There  are  a  variety  of  radar  systems. 
In  primary  radar  no  cooperation  of 
the  target  is  required.  Such  a  system 
is  useful  in  locating  icebergs  and 
enemies,  but  is  an  extravagance 
when  used  against  friends.  Second¬ 
ary  radar  requires  a  small  measure 
of  cooperation  on  the  part  of  the 
target  in  that  the  target  carries  an 
automatic  responder,  which  replies 
to  interrogation  in  a  coded  manner 
that  gives  the  identity  and  possibil¬ 
ity  such  additional  information  as 
flying  height  if  it  is  on  an  aircraft. 
This  system  avoids  the  ground  clut¬ 
ter  of  primary  radar. 

Radiolocation  for  navigation  does 
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ANOTHER  SUPERIOR  DEVELOPMENT  IN  METAL  TUBING  FOR  THE  ELECTRONICS  INDUSTRY! 


D*.002 


040f  .005 


NEW 

SIMPLIFIED 

DISC 

CATHODE 

assembly 


E  ±  .0005 


H  1  .OtO 


ACTUAL  SIZE 


j  FEWER  PARTS 
1  QUICKER  ASSEMBLY 
i  GREATER  ACCURACY 
/  BEHER  PERFORMANCE 
LOWER  COSTS 


The  Electronics  Division  of  Superior  Tube  Company 
offers  the  Radio  Industry  a  new  and  improved  disc 
cothode  for  Cathode  Ray  Tubes.  This  simplified  design 
reduces  the  number  of  parts  and  for  the  first  time 
permits  efficient  low  cost  production.  Our  usual  close 
control  of  materials  and  dimensions  insures  low  loss 
and  greater  uniformity  in  Cathode  Ray  Tube  pro¬ 
duction  and  performance. 

Through  use  of  integral  embosses  on  the  tubing 
it  is  possible  to  hold  the  insulator  firmly  yet  with  less 
heat  loss  than  previous  designs. 

Greater  flexibility  has  been  achieved  as  an  im¬ 
portant  feature  of  this  new  product.  It  is  possible  to 


meet  Customers*  requirements  as  to  dimensions  and 
type  of  ceramic  used.  The  emitting  caps  may  be  made 
from  any  of  the  familiar  alloys. 

Dimensional  accuracy  is  greater,  thus  permitting 
closer  control  of  cathode  to  grid  spacing,  and  resulting 
in  improved  electrical  tube  characteristics  and  per¬ 
formance  in  television  receivers. 

The  facilities  of  the  Engineering  Staff  of 
Superior's  Electronics  Division  are  at  your  service 
—  we  welcome  the  opportunity  to  help  you  with 
your  cathode,  anode,  and  other  electronic  meted 
tubing  problems. 


P«tt  Offic*  Drawer  191  •  Norritlown,  Pa. 

Norritlown  2070 
T«l«ph«n*t  Coll«g*vlil*  3711 
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LABORATORIES  INC. 

29  UlTN  ST  .  HARTFORD  3.  COHH  ,  PHONE  7-3215 


Crytcons  arc  made  of  high  quality  ceramic  bases  and  mica 
plates.  Individual  electronic  testing  insures  your  receiving 
accurately  rated,  minimum  loss  trimmers  and  padders. 
Production  test  samples  will  be  sent  on  request. 

CrSolTsea^'- 


ABOUT  DELIVERY  OF  VARIABLE 
MICA  CAPACITORS? 

Cryscons,  the  dependable  variable  mica  capacitors,  are 
being  delivered  to  manufacturers  in  time  to  meet  produc¬ 
tion  demands.  For  the  two  series  of  Cryscons,  listed  below, 
delivery  will  start  within  30  days.  The  CN-35 1 -series  is  an 
alRcient  RF  trimmer  capacitor.  The  CN-55-series  is  a  dual  IF 
paddar  capacitor.  (The  latter  series  may  also  be  had  with 
two  fixed  series  capacitors). 


No.  of 

min. 

max. 

Part  No. 

Platos 

mmfdt. 

mmfdt. 

CN-351-0  . 

.  l'/4 

IS 

15 

CN-35I-I  . 

.  l'/2 

3 

30 

CN.351-2  . 

.  2 

4 

75 

CN-351-3  . 

.  3 

10 

160 

CN-55-2  . 

.  2 

8 

75 

CN-55.3  . 

.  3 

18 

160 

CN-55-4  . 

.  4 

50 

260 

Max.  mmfd  position:  (closed)  1.75  inch  pounds  torque. 

n:  (open)  3  turns  from  closed  positioi 


mmfd  position 


Min. 


ELECTRON  ART  (conttnued) 

not  necessarily  depend  on  the  returr 
of  an  echo  either  directly  or  ampli¬ 
fied,  as  in  oboe.  In  G-H,  baha  (blind 
approach  beacon  system),  and  Re 
beccor-Eureka  a  coded  response  is 
sent  back  by  a  ground  responder- 
beacon  in  reply  to  pulses  from  an  air¬ 
borne  or  shipborne  interrogator.  Ir 
gee  and  loran,  the  location  is  ob¬ 
tained  from  measurements  of  the 
time-difference  of  arrival  of  primarr 
pulses  from  synchronized  ground  sta¬ 
tions  at  accurately  surveyed  posi¬ 
tions. 

A  major  step  in  the  progress  ol 
radiolocation  was  made  in  1935  witli 
the  development  of  techniques  for 
measuring  range,  bearing,  and  angle 
of  elevation  of  a  large  number  of  air¬ 
craft  without  confusion  between  tar¬ 
gets  by  a  monostatic  radiolocatior 
station,  that  is,  a  single  combined 
transmitting  and  receiving  station 
Conditions  for  the  birth  of  centi- 
metric  radiolocation  were  established 
by  calling  upon  the  facilities  of  the 
physics  schools  in  1939.  The  indus¬ 
try  which  took  the  half-sheets  of 
notepaper  and  the  telephone  conver¬ 
sations  and  perhaps  an  occasional 
breadboard  and  converted  them  into 
dependable  equipment,  often  made 
major  developmental  contributions 
of  their  own. 

Skiatron 

A  DARK-TRACE  radar  display  tube 
iJrovides  means  for  projecting  an 
enlarged  ppi  display  on  a  screen. 
The  tube  consists  of  A  conventional 
magnetically  focused  cathode-ray 
tube  but  with  a  white  translucent 
layer  of  microcrystalline  potassium 
chloride  for  the  screen.  Electron 
bombardment  at  10  kv  and  300  /ta 
produces  a  magenta  coloration  of 
this  screen.  Light,  normally  re¬ 
flected  to  the  viewing  position  by 
the  screen,  is  absorbed  by  the  col¬ 
oration.  Thus  where  the  screen  has 
been  bombarded,  no  light  is  re¬ 
flected  and  a  dark  area  appears  at 
the  viewing  position.  Maximum 
color  contrast  is  obtained  with  the 
magenta  color  if  the  greenish  light 
from  mercury  lamps,  which  are  for¬ 
tunately  efficient  sources  of  illu¬ 
mination,  is  used. 

I  Formation  of  Color  Centers 

All  alkali  halides  are  colored  by 
electron  bombardment,  each  having 
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nUUUKEM  MiRLOOPS  aow  eovBnd 
by  basic  italeml  ^2,40i,472 


K 


-M 


FRANKLIN  AIRLOOPS  NOW 


COVERED  BY  BASIC  PATENT 

Patent  No.  2,401,472  covering  the 
new  loop  antenna,  known  as  the 
AIRLOOP,  has  just  been  issued 
bj  the  U.  S.  Patent  Office.  The 
claims  issued  are  basic  in  scope 
as  is  evidenced  in  claim  No.  1 
which  is  typical  and  follows  t 
1— An  air  dielectric  indue* 
tance  comprising  a  panel 
of  insulating  material  and 
a  continuous  metal  strip 
formed  from  a  metal  sheet 
and  attached  to  one  face 
of  said  panel  in  the  form 
of  a  spiral,  the  planar 
width  of  said  strip  being 
equal  to  the  pitch  of  said 
spiral  and  said  strip  be* 
ing  in  channel  form  to 
provide  a  free  air  space 
between  adjacent  turns  of 
said  spiral. 

In  addition  to  the  above,  other 
patents  are  pending,  domestic  and 
foreign,  covering  the  methods  of 
manufacture  and  itenu  such  as 
stamped  electrostatic  shields, 
stamped  disc  type  conunntators, 
stamped  inductance  coils,  stamped 
wiring  circuits  and  for  the  mold* 
ing  of  loops  and  creative  metal 
designs  in  cabinets  which  are  of 
plastic  or  inert  materials. 

The  Franklin  Airloop  Corp.,  which 
has  the  rights  to  the  use  of  this 
patent,  offers  its  experimental 
laboratories  to  assist  in  the  devel* 
opment  of  any  item  which  can  be 
manufactured  by  the  stamping 
method  covered  in  these  patents.j 


Iliustrated  are  but  a  few  of  the  items 
that  can  be  manufactured  by  the  method 
covered  in  this  patent  .  .  .  many 
others  are  now  in  development  .  .  . 
you,  too,  may  conceive  a  use  for  this 
patented  method  and  in  such  case 
the  Franklin  experimental  laboratories 
will  be  glad  to  assist  in  its  development. 


FRANKLIN  AIRLOOF 


SHORT  WAVE  INDUCTANCE  COIL 


ELECTROSTATIC  SHIELD 


DISC  TYPE  COMMUTATOR 
MULTIPLE  SWITCH 
VARIAILE  RESISTANCE 


FRANKLIN 


43-20  34tli  ST 


CORPORATION 


LONG  ISLAND  CITY  1 .  N.  Y 
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its  peculiar  color  and  sensitivity; 
potassium  chloride  is  the  most  sen¬ 
sitive.  There  are  crystal  inperfec¬ 
tions  in  these  compounds  due  to  the 
absence  of  equal  numbers  of  halo¬ 
gen  and  metal  ions.  When  the  elec¬ 
tron  beam  bombards  a  halogen  ion, 
an  electron  is  trapped,  causing  a 
color  center  having  an  absorption 
band  corresponding  to  transitions 
between  its  various  energy  levels. 
This  color  center  can  be  cleared  by 
migration  of  the  electron  that 
caused  it. 

If  the  electron  bombardment  is 
continued,  the  combined  effects  of 
primary  and  secondary  bombard¬ 
ment  produce  metal  ions  which  im¬ 
mobilize  a  corresponding  number 
of  color  centers.  Coloration  under 
these  conditions  can  therefore  clear 
only  at  the  slow’  rate  set  by  ionic 
mobility. 

Production  and  Application 

Adequate  sensitivity  can  only  be 
obtained  from  screens  formed  by 
evaporation  and  viewed  by  reflec¬ 
tion.  Exposure  to  air  harms  the 
screen.  Therefore  the  screen  is 
formed  by  evaporation  from  a 
nickel  cup  mounted  on  one  side 
of  the  tube’s  bulb  during  pumping. 
The  cup  is  left  in  the  tube.  Best 
results  are  obtained  when  the 
molecular  beam  from  the  cup 
strikes  the  glass  at  angles  between 
about  30  to  60  degrees.  The  cup 
is  placed  in  the  bulb  so  that  the 
active  portion  of  the  screen  will 
receive  deposition  from  this  angle. 

The  decay  rate  is  affected  by 
light,  temperature,  and  electron 
bombardment.  Increasing  the  il¬ 
lumination  falling  on  the  screen  up 
to  5,000  foot-candles  increases  the 
rate  of  decay,  but  above  this  limit, 
the  decay  becomes  no  faster.  The 
color  is  cleared  more  quickly  if  the 
screen  is  scanned  by  a  low-intensity 
electron  beam,  which  is  accom¬ 
plished  by  the  noise  in  the  radar 
signal.  The  screen  clears  faster  at 
higher  temperatures,  but  has  less 
contrast.  Color  centers  produced 
by  a  single  electron  bombardment, 
resulting  in  solely  electronic  color¬ 
ation,  clear  in  about  a  minute; 
color  centers  produced  by  repeated 
electron  bombardment  as  in  repe¬ 
titive  scanning  of  a  fixed  target, 
resulting  in  ionically  immobilized 
color  centers,  may  take  an  hour  to 


If  you’re  having 
Thermostat  Trouble  •  • . 

Here's  a  simple,  rugged,  thermal  switch 
that  outlasts  the  equipment  it  controls 


Edison  sealed  thermostats  are  designed  for  use  where 

a  temperature  operated  switch  is  needed  that  is  expected 
to  outlast  the  equipment  it  controls.  Among  them  are  thermo¬ 
stats  that  will  handle  up  to  8  amperes  at  120  volts  (or  4  am¬ 
peres  at  240  volts),  factory  pre-set  to  control  temperatures  up 
to  600°  F.,  as  well  as  smaller  units  for  alarm  service  and  pre¬ 
cision  control  purposes.  All  ofFer  the  same  advantages. 

Principles  of  Design  —  Edison  Thermostats 
utilize  a  slow-make,  slow-break  contact  mecha¬ 
nism,  actuated  by  thermal  energy  alone.  They  re¬ 
quire  no  snap  action  or  other  mechanical  boosting 
device.  The  contact  mechanism  is  hermetically 
sealed  in  glass  in  an  arc-quenching  atmosphere. 

The  result  of  these  design  features  is  a  simple,  rug¬ 
ged,  trouble-free  thermostat  that  operates  smoothly 
and  silently  on  a  small  temperature  difference,  and 
that  is  endowed  with  an  indefinitely  long  life. 

Operating  Advantages  —  Edison  Sealed 
Thermostats  function  indefinitely  without  atten¬ 
tion,  since  contact-arcing  is  practically  eliminated, 
and  contact-fouling  cannot  occur.  They  possess 
other  advantages,  too,  as  a  result  of  their  unique 
design.  The  contacts  have  equal  AC/DC  rating; 
thus  electrically  heated  devices  which  they  control 
can  be  used  interchangeably  on  either  current. 

Being  hermetically  sealed,  the  contacts  and  mecha¬ 
nism  are  protect^  against  dust,  dirt,  corrosion, 
tampering.  The  thermostats  can  be  used  in  atmos¬ 
pheres  wherl  an  open  mechanism  is  not  indicated. 

Their  contacts  retain  full  rating  at  high  altitudes, 
making  them  suited  for  airplane  accessory  control. 

Where  Used— Edison  Sealed  Thermostats  are 
being  used  for  a  wide  range  of  services— tempera¬ 
ture  control  in  vulcanizers,  ovens,  stilb,  sterilizers; 
temperature  alarm  in  marine  and  industrial  fire  de¬ 
tection  systems;  as  control  system  components  in 
railroad  air  conditioning. 

If  your  product  needs  a  thermostat  that  can 
be  built  in  and  forgotten,  Edison  engineers  are 
available  to  help  you  select  the  right  thermostat 
and  to  assist  you  in  designing  it  into  your  product. 

Instrument  Division,  Thomas  A.  Edison,  Incorpor¬ 
ated,  11  Lakeside  Ave.,  West  Orange,  New  Jersey. 


CHICK  THESE 
FEATURES 


Long  life 

minimum 
contact  wear 

Rugged 

resistant  to 
vibration 
and  shock 

Protected 

against  dust, 
dirt,  corrosion 

Temperature 
set  at  factory 

tamper-proof, 
interchangeable 
without  adjustment 

High  cur¬ 
rent-carrying 
capacity 

size  for  size 

Equal  rating 

AC  or  DC 

Retains  full 
current¬ 
breaking 
capacity 

at  high  altitudes 
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...a  metal  that 
won’t  develop  high 
surface  resistance 
because  of  corrosion. 

Vendo  Corp 


...a  metal  to  hold  other 
parts  in  place  under  the 
searing  heat  of  a  high-* 
voltage  discharge. 

General  Electric  Co 


...a  metal  for  inserts 
that  won't  work  loose 
from  ceramic  insulation 
as  temperatures  fluctuate. 

Mycalex  Corp 


...a  metal  for  an  ar¬ 
mature  that  vibrates 
continuously  94,000,000 
times  a  year. 

Union  Switch  and  Signal  Co 


...a  metal  that  can 
stand  spark  erosion 
without  pitting 
or  burning. 

Scintilla  Magneto  Co 


...a  metal  whose 
electrical  resistance 
varies  measurably  with 
temperature  changes. 

The  Simntons  Co. 


...a  metal  that  will 
remain  non-magnet ic 
during  spot-welding. 

General  Thermostat  Corp 


jCOktOitOH 

RESISTANCf' 


Think  of  th*  INCO  Nickel  Alleys  first  when  you  need  a  metal  with  a 
hard-to-find  combination  of  properties. 

These  high-Nickel  alloys  are  Strong . . .  Tough . . .  Hard . . .  Rustless. 

They  resist  High  Temperatures . . .  Corrosion . . .  Wear . . .  Fatigue. 
Their  use  is  insurance  for  long,  trouble-free  service. 


TouoHKrst 


MORE  INTORMATIONi  Tell  us  the  alloy  that  interests 
you,  and  we'll  mail  more  information.  Or,  send  for  "List 
B-lOO"  which  lists  over  100  bulletins  explaining  the 
properties  and  applications  of  the  iNCO  Nickel  Alloys. 


MACHlNAIfllTY^ 


NON  GALIINO 


SPRING 

PROPUTIES 

me. 

CONOOCnVITY 


HEAT 

RESISTANCE 
.  HEAT 

treataue' 

^  NON 
MAGNETIC 


AUOYS 


NICKEL 
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STANDARD  SIGNAL  GENERATOR 


10  WATTS  MAXIMUM  R-F  OUTPUT-LOW 
IMPEDANCE. 

160  DB  RANGE  OF  ATTENUATION  - 15.0 
VOLTS  TO  0.10  UV. 

CURRENT  OUTPUT  UP  TO  1.0  AMPERES. 

MASTER  OSCILLATOR -TUNED  POWER  AM- 
PLIFIER  CIRCUIT. 

8  BAND  SPREAD  TUNING  RANGES -85  Kc 
TO  40.0  Me. 

DIAL  CALIBRATED  AT  INTERVALS  OF  1%  IN 
FREQUENCY. 

LEAKAGE  FIELDS  LESS  THAN  .1  UV  METER. 


j  ELECTRON  ART  (continued) 

clear.  Impurities  increase  the  rate 
of  clearing,  but  their  effect  is  lost 
in  a  short  time. 

Using  two  600-watt  mercurj 
vapor  lamps  illuminating  a  tube 
screen  of  about  3  in.  diameter,  an 
episcopic  tjrpe  of  projection  through 
an  //1 .5  lens  gave  a  2  ft.  diameter 
image.  (The  Skiatron,  or  Dark- 
Trace  Tube,  by  P.  G.  R.  King;  A 
Survey  of  Cathode-Ray  Tube  Prob¬ 
lems  in  Service  Applications,  with 
Special  Reference  to  Radar,  by  J 
G.  Bartlett,  D.  S.  Watson,  and  G 
Bradheld ;  both  papers  presented  ai 
the  Inst,  of  Elec.  Engr.  Radio  Con¬ 
vention,  March  1946.  A  very  sim 
ilar  tube  was  manufactured  ir 
Germany  during  the  war.  A  trans 
parent  tungsten  film  between  the 
potassium-chloride  screen  and 
fused  quartz  support  was  heated 
to  erase  the  image ;  PB-23089,  Dept 
of  Comm.  The  tube  was  to  have 
been  used  to  record  rapidly  trans- 
!  mitted  messages;  PR-23090.  21  p. 
I  Dept,  of  Comm.). 


Relativity 

Abstract  speculation  indicates 
that  electromagnetic  waves  lose 
negligible  energy  in  establishing 
gravitational  fields.  Just  as  a  pro¬ 
jectile  moving  faster  than  sound 
(in  the  medium  of  the  motion)  es¬ 
tablishes  sound  waves,  so  electrons 
moving  faster  than  the  phase  veloc¬ 
ity  of  propagation  of  electromag¬ 
netic  waves  in  the  medium  of  tran¬ 
sit  establish  electromagnetic  fields. 
Furthermore,  in  a  curved  (non-Eu- 
clidian)  universe,  the  gravitational 
and  electromagnetic  waves  propa¬ 
gate,  in  the  general  case,  with  dif¬ 
ferent  velocities.  Therefore  it  is 
reasonable  to  expect  that  electro¬ 
magnetic  waves  will  create  gravita¬ 
tional  fields.  An  analysis  indicates 
that  for  spherical  waves,  such  is 
the  case.  However,  the  magnitude 
of  the  energy  transformed  into 
gravitational  field  from  the  elec¬ 
tromagnetic  field  is  so  small  as  not 
even  to  account  for  the  red  dis¬ 
placement  that  has  been  observed 
in  the  spectra  of  distant  nebulae. 
(Radiation  of  Gravitational  Waves 
by  Electromagnetic  Waves,  by  L. 
M.  Brekhovskich,  Comptes  Rendus 
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Irv-O-Slot  provides  the  electrical  protection  necessary  ior  top-quality 
slot  insulation.  Moreover,  it  possesses  the  mechanical  strength  required 
to  withstand  punishment  received  during  motor  assembly  and  operation. 

A  complete  range  of  varnished  fabrics  duplexed  to  select  rag  and  hsh 
papers  allows  wide  selection.  All  the  base  fabrics  secure  their  high 
dielectric  strength  from  uniform  coatings  of  Irvington-formulated  insula- 
ting  varnishes. 

TYPES:  Bias  and  straight-cut  varnished  cambrics,  black  or  yellow,  are  / 
Wm  standard  . . .  varnished  nylon,  rayon,  cambric,  style  SJ.C,  silk,  and  Fiber-  / 
wB  glas  are  also  bonded  to  the  tough  backing  papers  on  special  order.  j 

W  iONOiNG  AGENT:  When  forming  the  slot  cell,  the  Irvington  binder  per-  / 
f  mits  sufficient  slippage  to  prevent  rupture  of  the  insulating  varnish  film,  / 
yet  the  bonded  material  does  not  delaminate  or  bleed.  y 

THICKNESSES:  Standard  Irv-O-Slot  insulations  are  supplied  from  .011"  to  / 

.028".  Some  of  the  special  combinations  are  as  thin  as  .009^^  For  slot  / 
insulation  on  smaller  fraaional  horsepower  motors,  all  varnished  fabrics 
are  available  without  paper  backing.  / 

Additional  information  and  test  samples  gladly  supplied.  j 


I  ML  I  I  INI  H a»if/  ^ ptate/n/oi  ^  irvington  it.  new  Jersey,  v.s.a. 

AifkoHMUddIttHbufontat  lALTIMIE  •  ILIEFiaD.  W.  fl  •  NSTON  •  CUILOTTE  •  eUCAM  •  CLEVEUNB  •  BAUM  •  lENVEI  ■  LISAIKELES  WMEAflLiS 
NEWUITFBIB.  N.T.  •  NEW  YBIK  •  NEW  BILEANS  •'  PIIUBUPIIA  •  PITTSNIBI  .  •  ST.  LBIIS  •  SAN  FIANCISCB  •  SUTTLE  •  lAMILTBN.  INT..  CANABA 
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'jhc  RlGL\Rl)SON  COMP/VN') 


MELROSt  RARK  III 


lOCKlAND,  CINCINNATI  15,  OHIO  BOUNDED  1  8  5  8  Salei  Hradquarlwn 


DETROIT  2 
INDIAN  APOIIS,  IND 


So/*-i  Ofhcet  NEW  YORK  6  •  CIEVEIAND  15 

MEIROSE  PARK,  III  NEW  BRUNSWICK„N  J 
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iDoklmly)  de  VAcademie  dea  Sci¬ 
ences  de  V  URSS,  1945,  XLIX,  No, 
7,  p  482-485). 


Feunibiiity  of  Dielectric 
Waveguides 

Solid  dielectric  waveguides,  be¬ 
cause  they  are  more  easily  fabri¬ 
cated  than  hollow  metal  guides, 
might  be  used  at  the  upper  limits 
of  the  superhigh  frequency  range. 
However,  some  of  the  transmitted 
energy  is  carried  outside  of  dielectric 
waveguides,  unless  the  guide  is  made 
large  enough  or  of  material  having 
so  high  a  dielectric  contant  that  very 
many  modes  are  carried.  Because  en¬ 
ergy  is  carried  outside  dielectric 
waveguides,  bends  and  external  sup¬ 
ports,  even  objects  in  the  vicinity  of 
the  guides,  constitute  discontinuities. 
Installation  of  such  guides  is  ex¬ 
tremely  difficult.  If  a  guide  that  will 
accommodate  a  multiude  of  modes 
were  used  there  would  be  the  as  yet 
unsolved  problem  of  coupling  in  such 
a  manner  as  to  match  to  these  many 
higher  modes.  (Waveguides  Without 
Metal  Walls  by  R.  M.  Whitmer,  Re¬ 
port  726,  Radiation  Lab.,  MIT,  Cam¬ 
bridge,  Mass.) 


Whether  you  are  design¬ 
ing  a  new  product  or 
redesigning  a  present 
one  —  let  Richardson 
Plasticians  help  you. 
They  are  highly  trained 
in  the  proper  use  of 
INSUROK  Precision 
Plastics,  and  will  show 
you  new  ways  to  higher 
profits  and  greater  satis¬ 
faction.  Write  today! 


Problem :  Redesign  intricate 
push-button  switch  parts. 
Parts  must  have  good  insu¬ 
lating  prooerties,  permanency 
of  finish  and  appearance. 

Solution:  Molded  insurok- 
because  it  can  be  precision 
molded  into  practically  any 
form  —  makes  available 
many  new  design  and  struc¬ 
tural  possibilities.  Threads, 
holes,  trade-marks — can  be 
molded  right  into  INSUROK 
parts  and  no  further  finish¬ 
ing  is  required  after  molding. 


SPRAYED  WIRING 


AUen-Bradley 

Company 


By  u^g  a  cutout  mask  oa  a  stondl.  sand 
blasting  tho  plastic  chassis  to  cut  tho  wir¬ 
ing  chonnols.  and  spraying  mohon  motol 
into  tho  chonnols.  radio  rocoivors  oro  boing 
turaod  out  at  tho  Buffalo  plont  of  Promo- 
notto  Radio  ond  Tolorision 
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Yes,  Johnnie  could  go  fishin’  with  Gramps 
and  leave  his  homework  to  ENIAC,  the 
amazing  new  robot  calculator  that  solves 
electrically,  in  a  matter  of  hours,  complex  mathe¬ 
matical  problems  which  would  require  months 
to  solve  by  ordinary  means.  Developed  by  the 
University  of  Pennsylvania,  under  contract  with 
the  U.  S.  Army  Ordnance  Dept.,  the  Electronic 
Numerical  Integrator  and  Calculator  will  speed 
progress  in  such  vital  research  as  nuclear  physics 
and  aerodynamics. 

The  signal  lamps  shown  on  the  ENIAC’s  accumu¬ 
lator  panels  are  part  of  the  3600  G-E  Neon  Glow 
Lamps  which  are  used  to  assure  dependable, 
low-cost  visual  indication  in  this  intricate, 
accurate  tool  of  science. 


Typical  new  products  improved  with  G-E 
Glow  Lamps  are  pictured  here.  They  merely 
hint  at  hundreds  of  other  unhelievably  low  cost 
applications  on  home  appliances,  wiring  devices,  and 
many  types  of  industrial  equipment.  Why  not 
consider  the  following  sales  features  of  G-£  Glow 
Lamps  on  your  new  products: 

1.  Distinctive  orange  red  glow,  needs  no  cover  glass. 
2.  Dependable  long  life— rated  at  3,000  hours. 

3.  Very  low  current  consumption. 

4.  Variety  of  sizes  and  wattages. 

5.  High  resistance  to  vibration  and  shock. 

6.  Usable  on  AC  or  DC  circuits. 

7.  Work  on  regular  105-125  volt  circuits  without  the 
use  of  step-down  transformers. 

8.  Practically  no  heat. 

FRil  NIW  FOLDIR  describes  typical  uses  for  G-E  Neon 
Glow  Lamps  and  gives  lamp  data.  Write  address  below. 


C'E  LAMPS 


ELECTRIC 


Nela  Specialty  Div.  Lamp  Dept.,  1  Newark  SUf  Hoboken,  N.  J. 
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NEW  PRODUCTS 

Edited  by  A.  A.  McKENZIE 

Latest  developments  in  new  apparatus, 
components,  materials.  New  literature 


Tube  Tester 

Radio  City  Products  Co.,  127  West 
26th  St.,  New  York  1,  N.  Y.  The 
model  322  tube  tester  requires  the 
manipulation  of  only  four  controls. 
Furnished  in  two  styles,  one  is 


open-faced  and  has  a  sloping  front 
panel.  It  measures  12  x  6  x  8 
inches  and  weighs  pounds.  The 
model  322-P  instrument  is  enclosed 
in  a  metal  carrying  case,  measures 
13  X  7  X  9  inches,  and  weighs 
pounds. 


Chemical  Wire  Stripper 

Ellanar  Chemical  Co.,  308  W. 
Randolph  St.,  Chicago  6,  Ill.  Cold 
Wire  Stripper  #416  has  been  de¬ 
veloped  for  removing  enamel, 
Formvar,  Formex,  impregnating 
varnish,  and  many  other  coatings. 
Wires  are  immersed  the  desired 
depth  from  16  seconds  to  2  minutes. 
When  withdrawn,  the  coating  can 
be  removed  with  a  cloth.  The 
chemical  is  described  as  nonin¬ 
flammable. 


Servo  Follow-up 

Electronic  Associates,  Inc.,  Long 
Branch,  N.  J.  The  transmission  of 
mechanical  rotation  over  several 
miles  of  wire  line  is  possible  using 


the  equipment  illustrated.  Less 
than  100  millivolts  rms  input 
voltage  results  in  an  output  torque 
of  96  inch-ounces.  Maximum  fol¬ 
lowing  speed  for  the  unit  in  ques¬ 
tion  is  approximately  50  rpm,  with 
an  accuracy  of  better  than  plus  or 
minus  0.0027  percent 


Aircraft  Wire 

United  States  Rubber  Co.,  Rocke¬ 
feller  Center,  New  York,  announces 
a  new  aircraft  wire  known  as 
Neolay,  said  to  be  enough  lighter 
than  that  presently  used  to  save  300 
pounds  in  a  plane  the  size  of  a 
B-29  Superfortress.  The  insula¬ 


tion  consists  of  a  layer  of  glass 
fiber  covered  with  synthetic  rub¬ 
ber.  It  resists  oil,  mildew,  fungus 
and  most  chemicals. 


Low-voltage  Rectifiers 

Electro-Tech  Equipment  Co.,  119 
Lafayette  St,  New  York  13,  N.  Y. 
A  series  of  rectifier  units  giving  d-t 
output  continuously  variable  from 
zero  to  12  or  8  volts  in  current 
capacities  up  to  150  amperes  em¬ 


ploy  full-wave  bridge  selenium  rec¬ 
tifiers.  A  voltmeter,  ammeter,  and 
fuse  are  provided  on  the  front 
panel. 


Miniature  Attenuator 

Centralab,  900  E.  Keefe  Ave.,  Mil¬ 
waukee  1,  Wis.  Smaller  than  a 
dime,  the  new  Model  1  Radiohm  at¬ 
tenuator  is  available  in  values  from 


500  ohms  to  5  megohms.  Six  tapers 
are  furnished  in  this  line  designed 
for  pocket  receivers  and  miniature 
amplifiers. 


Communication  Receiver 

Pierson  Electronic  Corp.,  633 
East  Fifth  St.,  Los  Angeles  13, 
Calif.  The  KP-81  receiver  tunes 
from  550  kilocycles  to  40  megacy¬ 
cles  in  five  bands  with  good  image 
suppression  and  a  separate  band- 
spread  control.  Power  supply  and 


224 


Octobtr.  1944  —  ELECTRONICS 


Now  You  Can  SEE  The  Performance  Of  Your  Circuits 


U^n  I 

>5  ! 


The  HAR-CAM  Visual  Alignment  SIGNAL  GEN- 
ERATOR  provides -the  swiftest  and  surest  method 
for  the  adjustment  and  alignment  of  tuned  circuits. 
With  it  the  complete  radio  frequency  response  curve 
of  any  circuit  under  observation  can  ^  presented  on 
an  oscilloscope  screen.  Variations  in  circuit  align¬ 
ment  can  be  accurately  evaluated  and  necessary 
changes  made  in  a  matter  of  seconds  —  a  far  simpler, 
more  precise  method  than  the  old  technique  of  tuning 
for  maximum  audio  or  voltage  output  which  often 
leads  to  improper  alignment  of  I-F,  discriminator  or 
other  circuits. 


»00*>c  V 


The  HAR-CAM  Visual 
Alignment  Signal  Gen¬ 
erator  instantly  shows 
up  the  misalignment  in 
the  I-F  circuit  shown 
above. 


With  the  assistance  of 
the  HAR-CAM  Signal 
Generator,  the  perform¬ 
ance  of  the  circuit  is 
easily  and  correctly  ad- 
iusted. 


SPiCIfICATIONS 

1,  linear  frequency  sweep  deviation  odjustaUe 
from  sero  to  900  kc  peak  to  peak. 

S*  Vernier  frequency  control  of  1 00  kc  allows  sero 
beat  colibrotion  of  moin  tuning  dial  or  for  vernier 
frequency  deviations,  obout  main  dial  frequency 
setting. 

9*  Stable  r-f  gain  control  independent  of  frequency. 


4.  Five-step  attenuotor  of  r-f  output  giving  over-all 
voltage  range  of  1  microvolt  to  .1  volt  when  used  in 
coniunction  with  the  gain  control. 

5.  Outpvrf  impedance,  1  ohm  to  2500  ohms. 

4.  Phone  jock  for  aurol  monitoring  of  lero  beat 
calibration  of  main  tuning  dial. 

7.  Panel  iock  to  feed  linear  sweep  voltage  to  x-axis 

Wrifa  for  Bulletin 


amplifier  of  oscilloscope,  thus  synchronizing  the  fre¬ 
quency  linear  sweep  of  the  generator  with  the  spot 
trace  on  the  scope  screen. 

a.  Voltage  regulated  supply  for  Memal  oscillators. 
Careful  oscillator  design  to  minimize  drift. 

•.  Size.  7"  wide.  high.  10%"  deep.  Weight 

1 8  pounds. 


HARVEY  RADIO  LABORATORIES,  INC 
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Field  Indicator 

Radio  Frequency  Laboratories, 
Inc.,  Boonton,  N.  J.  A  new  r-f 
probe  for  testing  high-frequency 
power  circuits  can  be  used  for 
detection  of  standing  waves  and 
r-f  circuit  tracing  in  a-m,  f-m. 


speaker  are  housed  together  in  a 
cabinet  matching  that  in  which 
the  receiver  is  contained.  A  crystal 
filter  and  beat  oscillator  are  pro¬ 
vided  for  c-w  reception.  A  brochure 
is  available  describing  the  receiver 
in  detail. 


able,  both  operating  from  105  to 
125-volt  lines,  50  to  60  cycles.  Extra 
sockets  and  switch  contacts  are 
provided  for  future  tube  types. 


Automatic  Flight  Control 

Lear,  Inc.,  Grand  Rapids,  Mich. 
The  C-2  fatigue  relief  pilot  is  a  27- 
pound  electronic  device  suitable  for 
operating  fighter  or  other  aircraft. 


Rotary  Actuator 

Lear,  Inc.,  Grand  Rapids,  Mich. 
The  model  181  actuator  weighs  0.6 
pound  and  has  been  designed  for 


television,  and  electronic  heating 
equipment  operating  at  frequencies 
up  to  1,500  megacycles.  The  probe 
element  measures  ^  inch  in  diam¬ 
eter  and  the  overall  length  of  probe 
and  meter  is  11  inches. 


Monitor  Amplifier  i 

Pan  American  Electric  Co.,  Inc.,  1 

132  Front  St.,  New  York  5,  N.  Y.  *  1 

The  PAB-1500  monitor  amplifier  is 

the  first  item  in  a  line  of  broadcast  *  ^ 

and  recording  studio  equipment 

now  being  manufactured.  Designed  loads  ranging  from  0.1  to  15  pound- 
to  operate  from  a  600-ohm  source,  inches  and  speeds  from  2.5  to  375 
the  unit  will  work  into  loads  of  4  to  rpm.  Available  for  operation  at 
500  ohms.  A  special  connection  al-  any  voltage,  a-c  or  d-c,  the  units 
lows  its  use  as  a  bridging  amplifier,  can  be  employed  to  control  remote 
The  frequency  characteristic  from  fuel  valves,  camera  shutters,  radio 
Aviometer  Corp.,  370  West  35th  40  to  10,000  cycles  is  plus  0  to  minus  tuners,  and  allied  equipment. 

St.,  New  York,  N.  Y.,  is  now  manu-  1  db.  A  feature  of  the  equipment  is 

the  oversize  power  supply  that  can 
,  , ,  supply  other  associated  units. 

-  Shelf  or  relay-rack  mounting  can 

furnished.  Overall 


Operating  from  a  24-  to  28-volt 
system,  it  consists  essentially  of  a 
control  unit,  amplifier,  and  servo 
unit. 


Phone  Cushion 


Silicone-filled  Capacitors 

Condenser  Products  Co.,  1375 
North  Branch  St.,  Chicago,  Ill. 
Type  ASG  and.  type  AOG  Glass- 
mikes  operate  successfully  over  the 


Electron  Tube  Tester 

Sylvania  Electric  Products,  Inc., 
500  Fifth  Ave.,  New  York  18,  N.  Y. 
Two  types  of  tube  testers,  one  for 
service  bench  (type  139)  and  the 
other  portable  (type  140)  are  avail- 


facturing  a  molded  synthetic  heat- 
conducting  rubber  cushion  for  head 
telephones,  shown  here. 
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PERMANENT  MAGNETS 


AY 


I 


IT  BETTER! 


JioitttHy  rum/Ht*  u-rut  one  oj  flit 
Juiina  JiiHomSng  ifie  Jlaeorety 

of  ikf  hnUtioHr  •  tonfloriic 
^DlagnefieeJ  o/  metal  irkirk 

H-ken  ormotfeA  no  ikey  ru«  U  jioat  m 
a  waier  ftllcJ  rtmiainetu  MerreJ  at  a 
ri*N</r  hni  t’rlaiiftip  arcumiv  imtnftatt. 


Tk;.  f«  <f>i  old  time  cttm(>aiia  kmit 

kf  Jiilrkit  c/atu  'One.  kilt  llu» 

romftnet  it  nl  leatl  A5  tetot  old-  it  it  ttU! 
Jit  Jor  mirigaliou.  Ilote  kmtd-ft  amieJ 
tmrreti  caf'iL  Tk  M  tit  ike  fyf^tperiv  o/ 
T.  cf.  fj,  CIK  llrgut,  lltK  ^orC. 


Chronometers  &  J^autical  Instruments 


How  Permanent  IS  A  Permanent  Magnet? 


Since  its  discovery,  the  permanent  magnet  has  been 
one  of  man’s  most  faithful  servants  (as  an  aid  in 
transportation  and  navigation).  In  most  instances 
the  life  of  the  permanent  magnet  exceeds  the  life  of 
the  instrument  it  serves.  After  65  years  of  faithful 
performance  the  Ritchie  spirit  compass,  illustrated 
above,  is  still  fit  for  navigation— the  directing  power 
of  the  permanent  magnet  is  still  accurate. 

The  permanent  magnet  used  in  the  speedometer 
normally  outlives  the  life  of  the  automobile,  despite 
the  demagnetizing  influences,  physical  strain,  and 
vibration  of  high  speed  service.  Although  modern 
magnetic  materials  of  greater  retentive  power  have 
been  developed,  many  of  the  antiquated  permanent 
magnets  are  still  serving  adequately. 

With  the  use  of  modern  magnetic-alloy  materials. 


infinitely  more  energy  can  now  be  packaged  into 
permanent  magnets.  They  are  greater  in  strength 
. . .  smaller  in  size  . .  .  more  functional  in  design  . . . 
with  greater  stability  in  an  electrical  and  steel  age 
of  vastly  greater  demagnetizing  forces. 

The  Indiana  Steel  Products  Company  is  a  pio¬ 
neer  producer  of  "package'd  energy”,  having  made 
more  than  24,000  applications  in  the  36  years  of 
specialized  permanent  magnet  production.  Perma¬ 
nent  magnets  may  have  some  application  in  your 
industry  . . .  may  do  some  job  or  process  better  for 
you.  Our  engineers  will  gladly  help  you  develop 
your  plans  for  magnet  application.  For  complete 
information  and  valuable  technical  data  on  magnet 
application  and  materials,  please  write  for  our 
’’Permanent  Magnet  Manual.” 


THE  INDIANA  STEEL  PRODUCTS  COMPANY  « 


RtODUCBRS  OF  "PACKAGED  INBRGY" 

6  NORTH  MICHIGAN  AVENUE  •  CHICAGO  2,  ILL. 


SPECIALISTS  IN  PERMANENT  MAGNETS  SINCE  1910 
I  VALPARAISO.  INDIANA 

PLANTS  ^  STAMFORD.  CONN.  (CINAUDAGRAPH  DIV.) 

'di94ti  The  Indian*  St**!  ProdoctA  Ck>fMp*fiy. 
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ranges  minus  60  to  plus  125  C  and 
minus  40  to  plus  105  C,  respectively. 
Insulation  ranges  up  to  20,000 
megohms  per  microfarad  have  been 
obtained  with  the  silicone  impreg¬ 
nation  and  plastic  film  dielectric. 
Working  voltages  from  600  to  over 
30,000  volts  are  possible  among  the 
various  types. 


Crystal  Converter 

Sylvania  Electric  Products,  Inc.. 
600  5th  Ave.,  New  York  18,  N.  Y. 
The  type  IN21B  silicon  crystals 
can  be  used  as  first  detectors  in 
high  -  frequency  superheterodyne 
receivers  in  the  region  of  3,000 


Wiener  Warmer 

Electronic  Chemical  Engineer¬ 
ing  Co.,  Los  Angeles,  Calif.  The 
early  production  model  of  a  new 
electronic  frankfurter  heater  is  il- 


scope  has  been  found  useful  for 
strain-gage,  diesel  engine,  and 
servo  development  work  as  well  as 
for  the  more  conventional  radio 
and  electronic  testing.  A  3i-inch 
fine-focus  cathode-ray  tube  is  used. 
The  Y-axis  sensitivity  with  ampli¬ 
fication  is  about  24  millivolts  rms 
per  centimeter  (about  61  millivolts 
per  inch)  and  the  X  sensitivity  ap¬ 
proximately  half  that.  Input  im¬ 
pedance  is  1.2  megohms  shunted  by 
30  micromicrofarads.  Frequency 
range  of  the  sweep  is  2  to  200,000 
cycles,  but  can  be  reduced  to  0.2 
cycles.  The  unit  measures  22x  lOx 
15  inches  and  weighs  7.5  pounds. 


megacycles.  Types  IN25  and 
IN23B  are  suitable  for  use  up  to 
1,000  and  10,000  megacycles,  respec¬ 
tively.  The  units  take  up  little 
room,  require  no  filament  supply, 
and  have  a  lower  thermal  noise  than 
tubes  used  in  the  same  circuit  ap¬ 
plications. 


lustrated.  The  apparatus  uses 
kilowatts  from  the  power  line,  con¬ 
verted  to  high-frequency  current 
to  heat  the  hot  dog  in  less  than  10 
seconds.  The  equipment  is  elab¬ 
orately  protected  against  overloads. 


Mercury  Contactor 

Mack  Electric  Devices  Co., 
Elkins  Park,  Pa.  A  contactor 
capable  of  handling  motor  loads  up 
to  2  hp  consists  essentially  of  a 
plunger  floating  on  a  pool  of  mer¬ 
cury.  When  a  surrounding  sole- 


Vhf-uhf  Capacitor 

Hammarlund  Mfg.  Co.,  Inc.,  460 
W.  84th  St,  New  York  1,  N.  Y 
Standard  stock  sizes  of  a  new  vari- 


Slot-machine  Timer 

Lansing  Engineering  Co.,  934-36 
Clark  St,  Lansing  6,  Mich.  A  new 
electronic  timer  particularly 
adapted  for  coin  machines  has  been 
developed.  Timing  range  is  from 
five  minutes  to  two  hours.  It  oper¬ 
ates  on  either  alternating  or  direct 
current. 


Oscilloscope 

Furzehill  Laboratories,  Ltd., 

Boreham  Wood,  Herts,  England,  noid  is  energized,  the  plunger  is 
distributed  through  American  pulled  down  into  the  mercury,  dis- 
British  Technology  Inc.,  381  placing  some  and  thereby  closing 
Fourth  Ave.,  New  York  16,  N.  Y.  a  contact.  The  whole  contact  me- 
The  type  1684B  cathode-ray  oscillo-  chan  ism  is  hermetically  .sealed. 


able  capacitor  for  conventional 
tuned  circuits  in  the  region  of  500 
megacycles  are  furnished  in  type.- 
VU-20,  -80  and  -45  with  minimum 
capacitance  in  the  order  of  3.5 
micromicrofarads  and  maximum 
capacitance  ranging  between  25.? 
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LOCK  NUTS 


GEORGE  K.  GARRETT  CO.,  INC 


1421  CHESTNUT  STREET,  PHILADELPHIA  2,  PA. 
MANUFACTURERS  OF 


PRODUCTS 


DIAMOND 


LOCK  WASHERS  •  •  FLAT  WASHERS  •  •  STAMPINGS  •  •  SPRINGS  •  •  HOSE  CLAMPS  •  •  SNAP  AND  RETAINER  RINGS 
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The  lock  nut  may  prevent  the  nut  from  slipping,  but 
it  can*t  compensate  for  the  wear  or  corrosion  of  the 
assembly  parts  or  the  stretching  of  the  bolt.  That's 
why  you  need  a  spring  lock  washer.  Lock  nuts  with 
spring  lock  washers  make  an  ideal  combination — 
safeguard  against  loss  of  nut  and  provide  protection 
against  looseness  with  positive  tension. 

Diamond  G  Spring  Lock  Washers — scientifically 
designed  with  CONTROLLED  TENSION— assure  un¬ 


failing  spring  tension  . . .  plus  a  thrust  washer  bear¬ 
ing.  They  permit  full  tightening  of  boHs  and  screws 
and  safeguard  against  excessive  vibration,  shock 
and  wear. 

Specify  Diamond  G's  today!  Samples  on  request. 
Write  for  your  free  copy  of  the  latest  data  on  the  new 
ASA  and  SAE  specifications  on  spring  lock  washers. 
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NEW  PRODUCTS 


(contiiMMd) 


Fincb  Telefax  Dmplex  Unit 


and  49  micromicrofarads.  The 
capacitors  resemble  split^stator 
types,  but  are  equipped  with  rotors 
insulated  from  the  end  plates  by 
Pyrex  ball  bearinjrs. 


I-f  Transformers 

National  Co.,  Inc.,  Malden,  Mass. 
Two  types  of  iron-core  i-f  trans¬ 
formers  tuned  to  10.7  megacycles 
are  now  available,  the  IFN  with  a 
bandwidth  of  100  kilocycles  and  the 
IFM  with  150  kilocycles  bandwidth. 
Insulation  is  polystyrene  and  the 
mechanical  construction  is  compact. 
Each  transformer  is  I  inch  square 
and  stands  31  inches  above  the 
chassis. 


Fault  Locator 

Raytron,  Inc.,  407  N.  Jackson  St., 
Jackson,  Mich.  The  Electronic 
Fault  Locator  is  a  tuned  electro¬ 
magnetic  detector  that  follows  the 
path  of  a  300-cycle  signal'  intro¬ 
duced  onto  a  faulty  power  line.  A 


60-cycle  signal  can  be  used  if  de¬ 
sired.  Battery-operated  and  self- 
contained,  the  locator  used  with  a 
separate  loop  weighs  only  9i  pounds 
and  measures  4ii  x  7  x  lOi  pounds. 
The  loop  mounted  at  the  end  of  a 
pole  weighs  5  pounds. 


Portable  Sound  System 

f 

Bell  Sound  Systems,  Inc.,  ii83 
Essex  Ave.,  Ck)lumbus  3,  Ohio.  The 
Model  PA-3710-P  sound  system 
consists  of  a  10-watt  amplifier,  two 
10-inch  speakers,  turntable  and 
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Tincn  facsimile 


Finch  Telefax  equipment  transmits  and  records  exact 
facsimiles  of  written  or  printed  messages  —  as  well  as 
drawings,  photographs,  signatures,  etc.  at  a  speed  by 
telephone  of  900  square  inches  per  hour— *  or  by  radio 
of  2760  square  inches  per  hour,  equivalent  to  30,000 
words!  This  provides  a  fast,  flexible,  accurate  and 
economical  new  service  to  solve  your  communication 
problems.  Write  for  full  particulars. 

FINCH  TELECOMMUNICATIONS,  INC. 

Address  all  inquiries  to  Sales  Office 

10  EAST  40th  STREET  •  NEW  YORK  16.  N.  Y. 

Mak«rt  also  of  Focsimilo  Broadcast  Transmitting  Equipmont,  Focsimils  Homo  Rocordort, 
Focslmilo  Duplicating  Modiinos.  and  Finch  Rockot  Antonna  for  all  FM  stations. 


/ 


SqUHRE  □  COMPHNY 


INDUCTION  GENERATOR:  when 
fed  from  AC  source  produces 
voltage  proportional  to  speed 
of  rotation.  Used  in  circuits  as 
velocity  control  component. 


INDUCTION  GENERATOR:  type 
designed  particularly  for  use 
where  low  residual  voltage  is 
required. 


PERMANENT  MAGNET  GENERATOR:  de¬ 
signed  as  AC  potential  source.  Produces 
sinusoidal  wave  form  with  harmonic 
content  under  2%. 


MOTOR  DRIVEN  INDUCTION  GENERATOR: 

powered  by  2-phase,  low-inertia  induc¬ 
tion  motor.  Us^  as  fast  reversing  servo 
motor  where  maximum  stall  torques  of 
less  than  7  oz.  in.  are  required.  { 


TELETORQUE  UNIT  -  bdow  left: 

a  precision-built,  non-motoring, 
xlf  synchronous  unit  for  remote 
indication.  Accurate  to  ±  1  degree. 


MANY  TYPES  OF  MICROPHONES 
NOW  ADAPTABLE  TO  THE  NEW 
CANNON  ELECTRIC  TYPE  "XL” 
CONNECTOR 


NEW  PRODUCTS 
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pickup  assembly,  microphone,  and 
associated  equipment.  The  phono 


equipment  is  mounted  beneath  tht: 
amplifier  illustrated,  which  if> 
turned  over  in  operation. 


ELEaRO-VOICE 
''630-C''  wHh 
Xl*3>S0N  Adapter 


TURNER  "211"  wWi 
XL-3-50T  Adoplw^ 


Pulse  Generator 

Raymond  M.  Wilmotte,  Inc., 
West  55th  St.,  New  York  19,  N.  Y 
The  Model  P54  pulse  generator  ha» 
been  designed  as  the  heart  of  con 
trol  equipment  in  which  wide  flex 
ibility  of  pulse  width,  amplitude 
and  polarity  is  required.  At  high 
amplitude  the  width  is  continuously 
variable  from  1.5  to  70  micro 
seconds;  at  low  amplitude,  from 
0.75  to  22  microseconds.  The  repe¬ 
tition  frequency  is  60  cycles  to  100 
kilocycles. 


ADAPTER 


CALCOw{thXL.3-50N 
Adapter  and  Xl.3.11 
PWg 


ASTATIC  "N30S* 
with 

Xl<3*50N  Adapter 


ADAPTER 


UNIVERSAL  "D20A" 
with  XL-3>S0  Adapter 
ond  Xl.3.11  Plug 


Phototubes  for  Sound 

Continental  Electric  Co.,  188 
W.  Randolph  St.,  Chicago,  Ill.  A 
new  complete  line  of  gas-filled  blue- 
sensitive  phototubes  (RMA  spec¬ 
tral  response  S4)  is  available  for 
use  with  conventional  projection 
equipment  using  dye-recorded  or 
silver  sound  tracks.  The  new  types 
CE-64,  CE-91  and  CE-59  are  dimen¬ 
sionally  identical  to  the  most  pop- 


SHURE  "708A‘ 


SHORE  "Unidyn#" 
with 

X1.3-50N  Adaptor 


XIO.SON  Adaptor 


For  users  of  microphones  in  broadcasting  stations,  public  address  and  general  call 
systems.  Cannon  Electric  has  developed  three  new  adapters  for  a  variety  of  popular 
microphones.  These  adapters  make  it  possible  to  install  easily  and  quickly  the 
Cannon  Electric  Type  "XL"  receptacle  in  the  mike  base  for  connection  with  the 
XL-3-11  Plug.  A  few  of  the  popular  types  are  shown  above. 

"XL"  Connectors  assure  users  many  new  features  in  a  compact,  smalL  light¬ 
weight  fitting.  The  latchlock  latches  and  locks  the  plug  when  engaged.  Other 
desirable  features  are  (1)  polarizing  key,  (2)  streamlined  shell  design,  (3)  threads 
for  insert  retaining  screw  upped  in  meul  barrel,  (4)  upered  rubber,  cable  gr^ 
bushing  and  strain  relief  spring,  and  (5)  provision  for  grounding  conuct. 

"XL"  Connectors  are  moderately  priced,  ranging  from  $1.00  to  $1.25  list, 
Prices  of  adapters  upon  request 

Cam  Bail  Further  iaformatioa  on  ch^plus  and  four  ra- 

B  B  MB  cepude  destans  will  be  mailed  upon  request. 
■  V  B^  Ask  for  the  new  XL.246  Bulletin,  or  contact 

_  _  _  your  local  jobber.  Address  Dept.  J.120,  Can- 

EB  IB  ^1  IH  BB  fl  ^1  non  Electric  Development  Co.,  3209  Hum- 

B^  W  ■  Iv  I  ^dt  St.,  Los  Angeles  31,  Calif.  Export  office 

■B  ^B  .B  Bm  B  ^B  for  world  area,  excepting  Britain  and  posses* 

n  js  aaw  Fraxar  and  Hansen,  301  Clay  Street. 

DEVELOPMENT  COMPANY  San  Francisco. 

3309  HMBboldt  St.,Los  Aageles  31,Ciilif. 

IN  CANADA  (cMki  British  Empire  export)  SINCE  1915 

CANNON  ELECTRIC  COMPANY,  ltd.  TORONTO  ^  ■  a'  ■ 
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Conmncitt^  evidence  of  the  modern  trend 
toivards  functional  design  is  effectively 
revealed  in  these  illustrations  of  the  old 
and  the  new  Self  one  "Maestro*  inter¬ 
communication  units. 

Notice  how  the  hard,  "mechanicar 
look  of  the  prewar  Belfone  has  been  re¬ 
placed  by  an  attractive  molded  Durez 
plastic  housing  that  gives  this  new 
prouuct  an  air  of  superior  quality,  as 
well  as  supplying  it  with  many  other 
physical  benefits  required  by  the  manu¬ 
facturer. 

What  This  User  Wanted 

In  this  connection  Mr.  Floyd  W.  Bell, 
President  of  Bell  Sound  Systems,  Inc., 
comments  interestingly  .  .  ."Our  new 
design  offers  many  functional  advan¬ 
tages  in  addition  to  its  beauty.  The 
rounded  top  of  the  new  Belfone  elimi¬ 
nates  the  natural  tendency  to  pile 


papers  and  other  material  on  top  of  it, 
building  up  insulation  and  hindering 
the  free  circulation  of  air.  Since  the 
many  curved  surfaces  and  encircling 
louvers  would  be  impractical  in  wood, 
the  cabinet  is  being  molded  of  Durez. 
Its  over-all  attractiveness  makes  it  suit¬ 
able  for  use  on  the  finest  executive 
desk.  TTie  durability  of  Durez  ends  for 
all  time  the  many  disadvantages  of 
old-fashioned  flat-top  housings  and  the 
scratching  to  which  wood  is  suscep¬ 
tible.  In  addition,  its  imperviousness  to 
atmospheric  conditions  provides  un¬ 
diminished  lasting  beauty." 

Unlike  other  housings  of  this  type 
which  are  molded  in  one  piece  with 
an  open  bottom  or  back,  the  new  Bel¬ 
fone  housing  consists  of  two  pieces 
comprising  the  front  and  back  sections. 
These  are  molded  separately  and  as¬ 
sembled  with  molded  end  flanges  in  a 
slot.  Molds  for  producing  this  unique 
construction  were  developed  by  Bell 


engineers  in  cooperation  with  the  Plas¬ 
tics  Division  of  Continental  Can  Ca 

I 

What  You  Can  Get 

The  general-purpose  Durez  plastic 
used  is  one  of  more  than  300  multi- 
propertied  molding  compounds  devel¬ 
oped  by  Durez  laboratory  engineers. 
Heat  resistance,  dielectric  strength, 
non-resonance,  and  impact  resistance 
are  some  of  the  important  character¬ 
istics  inherent  in  all  Durez  phenolic 
plastics. 

We’d  like  to  work  on  any  of  your 
problems  that  phenolic  plastics  may 
solve.  The  competent  counsel  of  ex- 
p>erienced  Durez  technicians,  as  well  as 
a  library  of  proved  product  develop¬ 
ment  data,  awaits  your  enquir>'. 

Durez  Plastics  &  Chemicals,  Inc.,  810 
Walck  Road,  North  Tonawanda,  N.  Y. 
€xl>ort  ^‘t^ents:  Omni  Products  Cor()oratioti. 
40  €.  34th  St..  Meu'  york.  CN 


PLASTICS  THAT  FIT  THE  JOB 
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PHENOLIC 


RESINS 
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unit  illustrated.  It  gives  accurate 
measurements  within  a  range  of 
400  feet  at  the  rate  of  360  sound¬ 
ings  a  minute.  Used  with  a  chart, 
it  serves  to  identify  reefs  and 
shoals  or  depths  where  fish  abound. 

Recording  Dilatometer 

Sylvania  Electric  Products  Inc., 
500  Fifth  Avenue,  New  York,  N.  Y. 
Designed  to  provide  continuous 
graphic  recording  of  the  twelve- 


BLAW-KNOX  DIVISION 

or  BLAW-KNOZ  COBfPAIfT 
2077  Farmers  Bank  Building 
Pittsburgh  22,  Pa. 


hour  expansion  and  contraction  cy¬ 
cles  of  samples,  a  new  dilatometer 
accommodates  temperatures  up  to 
1,000  C  held  to  within  1  C.  Its  oper- 
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WHEN  RADIO 
WAS  , 
OUNG 


Blaw-Knox  engineered,  designed 
and  fabricated  towers  for  radio  sta¬ 
tions  even  before  the  pioneer- days 
of  home-made  crystal  sets. 

Our  accumulated  engineering 
knowledge  and  experience  enables 
us  to  assume  complete  responsibil¬ 
ity  for  the  radio  towers  which  you 
will  need  to  carry  out  your  station's 
expansion  program. 


NEW  PRODUCTS 


(continued) 


ular  sizes  CE-25,  -1,  and  -30.  When 
used  with  dye  sound  tracks,  the  new 
tubes  give  much  greater  output 
than  the  standard  SI  red-sensitive 
types. 


Small  Craft  Fathometer 

Submarine  Signal  Ck).,  Boston, 
Mass.  A  new  compact  fathometer 
for  small  fishing  and  pleasure  craft, 
complete  with  vibrator  power  sup¬ 
ply,  but  with  the  exception  of  the 
projector,  is  contained  in  the  single 


m'. 


BLAW-KNOX 


ANTENNA 

TOWERS 


SIMPLER  -  SMALLER  -  STRONGER 
NEW  G-E  SELENIUM  RECTIFIER 
REPUCES  TUBE  IN  PORTABLE  RADIOS 


This  new  selenium  rectifier,  less  than  one  inch  long 
and  only  one  inch  in  diameter,  offers  builders  of  port* 
able  and  car  radios  a  new  way  to  cut  manufacturing 
costs  and  to  build  a  better  product. 

Yon  gain  six  ways  when  you  incorporate  it  in  your 
designs: 

Save*  Space  —  Can  be  mounted  in  places  where  a  rectifier 
tnbe  and  socket  won't  fit.  Radio  cabinets  can  be  made 
smaller  when  this  new  selenium  rectifier  is  used. 

Cuts  Installation  Cost  —  No  socket  or  filament  circuit  is 
necessary.  Only  two  soldering  operations  and  a  minimum 
of  mounting  hardware  are  requii^. 

Ample  Current  Capacity  —  Designed  to  withstand  safely  the 
inverse  peak  voltages  obtained  when  rectifying  (half*wave) 
110-125  volts,  rms,  and  feeding  into  a  capacitor  as  required 
in  various  radio  circuits.  Half*wave  rectification  of  the  a*c 
line  is  employed. 

Withstands  Rough  Usage  —  Withstands  rougher  handling 
than  the  fragile  tubes  which  it  replaces.  It  won't  break  when 
dropped. 


Gives  Instant  Starting  —  Eliminates  usual  warm*up  period 
before  radio  starts.  It  runs  cool,  too,  because  of  the  absence 
of  the  heatfproducing  filament  in  the  tube  which  it  supplants. 

Longer  Life  —  Continuous  tests  have  proved  that  this  new 
selenium  rectifier  will  optlast  several  llT^olt  rectifier  tubes 
—last  the  life  of  the  product  for  which  it  is  designed. 

For  information  tbat  will  help  you  make  efficient  use 
of  G*E  selenium  rectifiers  in  your  designs,  write  for 
booklet  Ttvo  Steps  Ahead.  Section  A23-10119,  Appli¬ 
ance  and  Merchandise  Department,  General  Electric 
Company,  Bridgeport  2,  Connecticut. 

6.E.  SELENIUM  RECTIFIER 
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OST  of  the  mechaniccd 
products  of  our  civilization 
depend  upon  electric  mo¬ 
tors  for  their  performance. 
This  puts  a  heavy  responsi¬ 
bility  upon  motor  manufac¬ 
turers  to  produce  better  and 
still  better  power  units  to 
keep  in  step  with  industrial 
progress.  You  can  depend 
upon  Ohio  'Application 
Proved'  Motors  to  give  the 
utmost  in  efficiency  and 
dependability  for  every 
application  within  their 
power  range." 


CHESTER  BIAND,  Pres. 


'Application  Proved' _ 

•  Fractional  Horsepower  Motors 

•  Lilting  Magnets 

•  S»eparation  Magnets 

•  Magnet  Controllers 

•  Weatherproof  Connectors 


OHIO  ELE[TR|[  MEG 


5908  Maurice  Avenue  e  Cleveland  4.  Ohio 
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NEW  PtODUCTS  (coi*«»«ea) 

i  ation  is  nearly  fully  automatic. 

:  freeing  the  time  of  the  operator 
after  the  equipment  has  beer, 
started.  The  unit  illustrated  weigh.-^ 
450  pounds  and  measures  56x50> 

;  26  inches.  It  operates  from  110-  t( 
t  120- volt,  50-  to  60-cycle  lines  anri 
!  consumes  about  1.000  watts. 

i 

I 

F-M  Antenna 

Hi-Pab  Peoducts  Co.,  Fitchburg 
i  Mass.  A  new  antenna  for  f-m  re¬ 
ceivers  consists  of  a  single-element 
turnstile  fabricated  from  aluminunj 
I  alloy  rods,  porcelain  insulator,  and 
I  varnished  hardwood  support.  An> 

I  standard  transmission  line  can  b«^ 
i  used  with  the  matching  section  fur- 
I  nished. 

i  Soldering  Tool 

Multi-Products  Tool  Co.,  il2a 
I  Sussex  Ave.,  Newark,  N.  J.  Tht 
I  Eject-O-Matic  electric  soldering 
I  tool  ejects  a  measured  amount  of 
I  solder  from  a  reel  concealed  in  the 


handle  when  a  trigger  is  pulled. 
The  amount  of  solder  fed  to  the  tip 
can  be  quickly  adjusted.  A  special 
I  stand  is  furnished  with  the  tool. 
Fully  loaded,  the  tool  weighs  H 
pounds. 


Monoblock  Connector 

The  Winchester  Co.,  6  East  46 
St.,  New  York  17,  N.  Y.  Two  sizes 
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HOLLO  V/ 
SET  SCRE W 


PIPE  PLUG 
SOCKET  HEAD  CAP  SCREW 


SHOULDER  BOLT 


*itet.  U.  S.  PM.  Off 


Ami: 

JENKINTOWN,  PENNA..  BOX  PUl 


SAN  FRANCISCO 


CHKAGO 


BRANCHES;  BOSTON 


DETROIT 


INDIANAPOLIS 


ST.  LOUIS 


<aBn^ 

PHILLIPS 
TYPE  SCREW 


SLOTTED  COUNTERSUNK 

SCREW  SCREW 


SLOTTED 

SCREW 


6o*UaUted  in  UUi 
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if  Mcb  pad* 
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SOCKET  SCREW"  KIT 

with  interchangeable  bits 


For  men  who  like  to  hove  a  complete  supply  of  tools,  yet  dislike  bulk  and 
confusion,  the  Hollowell  "Socket  Screw"  Kit  is  the  answer.  It  is  one  of  the 
neatest  tricks  of  the  year.  The  hollow  Celonese*  plastic  handle  holds  inter¬ 
changeable  bits  for  most  all  purposes  .  .  .  Phillips,  Hex  and  Flat.  There 
is  a  swivel  bit-chuck,  which  locks  securely  in  position,  and  makes  it  possible 
to  twirl  o  screw  using  the  vertical  position,  and  then  snapping  the  chuck 
to  an  angle  or  ell  position,  to  get  the  final  tightening  puli. 

Not  illustrated:  "Socket  Wrench"  Kit;  the  "Auto"  Kit;  the  "Home"  Kit. 
Write  for  our  8-page  booklet  that  fully  describes  these  handy  Tool  Kits. 
Obtainable  at  Suppliers  throughout  the  country. 

H  your  Supplier  does  not  carry  these  Kits,  send  his  name  to  us,  along 
with  yours,  and  you  will  be  taken  care  of  promptly. 


ACRO 


S 


MODEL 


In  keeping  with  the  ever-widening  demand  for  small  ACRO 
Snap  Action  Switches,  built  with  the  patented  Beryllium 
Rolling  Spring  and  with  the  experience  gained  in  building 
hundreds  of  thousands,  ACRO  now  adds  a  sturdier, 
more  durable  housing  for  its  popular  long  life  Model 
NEW  FEATURES 

1*  New  stronger  molded  case  — cover  recessed  into  cose, 
clear  of  the  four  3/32'*  mounting  holes.  •  Sturdier  barriers 
between  terminals,  affording  generous  electrical  cleor- 
onces.  •  3*  Heavier  solder  terminals  with  .082"  terminal 
holes  for  easier  wiring.  •  4*  Greater  eompaetness  for  multiple 
assemblies— four  can  be  mounted  in  a  space  of  less  than  1 

This  better  built,  better  performing  switch  is  made  with 
single  pole,  single  or  double  throw  contacts — rated  at 
10  amps.  125  volts  A.  C.  Can  be  fitted  with  leaf  actu¬ 
ators  illustrated  above.  For  immediate  help  on  your  switch 
problems,  send  full  details  of  operating  characteristics 
required  and  proposed  assembly. 


T316  SUPERIOR  AVENUE  •  CLEVELAND  14,  OHIO 


type  7064-53  4,  has  been  designed 
for  small  airplane  service.  It 
operates  successfully  at  50,000  feet 
and  at  temperatures  between  minus 
54  and  plus  71  C.  Contacts  are 
rated  at  100  amperes  for  12-volt 


voltages  from  60  cycles  to  over  100 
megacycles.  The  equipment  fea¬ 
tures  extremely  high  input  im¬ 
pedance.  It  is  powered  from  a  105 
to  120-volt  line,  60  cycles,  and 
weighs  15  pounds. 


Aircraft  Relay 

Leach  Relay  Co.,  Los  Angeles, 
Calif.  A  new  direct-current  relay, 


of  multiple  connectors  with  tele¬ 
scoping  barriers  for  higher  voltage 
breakdown  are  available  in  12-  and 
i  18-contact  sizes,  designated  RE12S 
!  and  RE18S  respectively.  Contacts 
are  designed  for  use  with  a  maxi- 
;  mum  wire  size  of  No.  16.  The  rec- 
I  tangular  blocks  illustrated  can  be 
I  provided  with  a  self-locking  ar- 
i  rangement  if  desired. 

I 


j  Volt-ohiumeter 

I  General  Electric  Co.,  Syracuse, 
j  N.  Y.  The  type  PM-17  meter  illus¬ 
trated  measures  audio  and  r-f 
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When  mill-ordered  Armco  Electrical 
Steels  are  unloaded  in  your  plant 
you  can  be  sure  of  this: 

The  steel  is  "job-tailored”  to  your 
needs  —  before  and  d$trtng  rolling 
operations.  Metallurgists  and  mill 
representatives  see  that  you  get  the 
one  right  steel  for  your  products. 

For  almost  20  years  Armco  men 
have  called  this  "Q.  C” — Quality 
Control.  Metallurgists  who  study 
your  requirements  specify  the  analy¬ 
sis  of  steel,  the  temper  rolling,  an¬ 
nealing,  and  all  other  operations  that 
affect  the  qualities  of  finished  sheets 
and  strip.  Then  mill  operators  follow 
throu^  closely  with  these  instruc¬ 


tions  on  your  individual  routing  card. 

In  recent  years,  Armco  control 
charts  and  statistical  analyses  have 
further  helped  assure  consistent  pro¬ 
duction  of  prime  electrical  steels. 
They  are  an  added  safeguard  for  the 
steels  that  go  into  your  products. 

"Quality  Controls”  like  these  are 
one  reason  why  leading  manufactur¬ 
ers  look  first  to  Armco  for  special- 
purpose  sheet  steels. 

Back  of  it  all  are  the  research  and 
experience  that  contribute  to  a  high¬ 
er  "Q.  C”  at  our  end  and  better 
quality  at  yours.  The  American  Roll¬ 
ing  Mill  ^mpany,  4231  Curtis  St., 
Middletown,  Ohio. 

Export:  Armco  fAtornottonof  Corporation 


more  scrap 
meons  mere  steel 

We  urge  you  to  collect  every 
pound  of  iron  and  steel  scrap,  in¬ 
cluding  unused  and  obsolete  equip¬ 
ment.  Speed  it  to  the  steel  industry 
through  your  regular  channels.  Pres¬ 
ent  high  production  cannot  be  main¬ 
tained  unless  more  scrap  is  shipped 
to  the  mills  promptly.  The  situation 
is  critical;  so  act  today. 


The  American  Rolling  Mill  Company 


Wire 


ICS 
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Now  — with  the  increasing  multitude  of  electronic  applica* 
tions,  exacting  the  utmost  in  dependability,  make  sure  with 
Potter  Quality.  Light,  durable,  space-saving — the  highest  achieve¬ 
ment  in  capacitor  material  design  and  construction,  for  today*$ 
precision  requirements  in  electronics.  y4/«w/»//»/-contained— 
oil-filled— neoprene  bakelitc  seals.  Durable.  Space-saving.  Far 
surpassing  cardboard  tubulars  in  every  point. 

Here’s  Evidence!  Remarkable  Record  of  Potter  Acceptonce 

Under  the  most  rigid  Signal  Corps  inspection— under  condi¬ 
tions  of  the  most  intense  humidity,  acceptance  of  POTTER 
CAPACITORS  ran  99  9/10  percent.  Potter  Capacitors  have  been 
specified  for  many  types  of  Army,  Navy,  and  C.A.C.  equipment. 

Assure  your  product  the  constant,  high  fidelity  reproduction 
of  Potter  Capacitors  to  your  specifications— performance  always 
faithful  to  the  ideal,  under  any  and  every  condition  of  operation. 

In  ratings  up  to  2,500  volts 

Ask  for  full  details.  Get  all  the  facts  on  Potter  superiorities— 
and  compare!  PROMPT  DELIVERY.  Wire  or  WrICo 


THE  PnTTTTP  COMPANY 

X  V-/  X  X  J^Xv  ESTABLISHED  1925 
1  952  SHERIDAN  ROAD,  NORTH  CHICAGO,  ILLINOIS 

Preferred  by  leading  manufacturers  of  electronic  equipment 


tween  toe  operation  of  a  control 
circuit  and  the  subsequent  closing 
or  opening  of  a  load  circuit  The 
devices  are  easy  to  set  and  indicate 
at  all  times  the  unexpired  portion 
of  the  time  cycle  as  well  as  the 
elapsed  operating  time.  A  brochure 
is  available  describing  types  of  op¬ 
eration  and  time  ranges  of  the 
instruments  in  production. 


!  Rectifier  Stacks 

:  Radio  Receptor  Co.,  Inc.,  251  West 
19th  St,  New  York  11,  N.  Y.  Sele¬ 
nium  rectifier  stacks  suitable  for 
high  current  use  as  in  electroplat- 


It  is  a  [Lheifit 

rmnr  JV  KjtSTWlfl 
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IcontiiiM^ci) 


d-c  operation.  The  unit  is  com 
pletely  sealed  against  liumidity 
dust,  and  salt  spray  and  weiirh» 
about  8^  ounces 


Contained  —  Oil-Filled 
with  Neoprene  Bokelite  Seols 
VASTLY  SUPERIOR  TO  ORDINARY  CARDBOARD  TUBUURS 


i'inie  Delay  Kela> 

The  R.  W.  Cramer  Co.,  inc.,  Cen 
terbrook,  Conn.  The  type  TEC 
TER  time-delay  relays  provide  an 
adjustable  or  fixed  time  delay  be- 


MO 
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PITNEY-BOWES  teih 


independent  investigator: 

"That’s  just  the  time-saving  we  can 
measure,”  explained  Pitney-Bowes’ 
production  manager  to  the  James 
O.  Peck  Co.  investigator,  who  is 
studying  assembly  savings  with 
Phillips  Screws  in  well-known 
plants.  "Since  using  Phillips 
Screws  on  our  postage  meters, 
we  have  found  that  the  time 
savings  we  can’t  measure  ex¬ 
actly  are  even  larger. 


I0W 


"NO  TIME  WASTED  STARTING  THE  SCREW  ...  the  Phillips  "DRIVER  SLIPS  USED  TO  COST  US  ONE  MAN-HOUR  PER  SLIP 

Screw  doesn’t  wobble  and  slip  off  the  driver.  The  opera-  •  -  •  before  we  changed  to  Phillips  Screws.  When  a  driver 

tor  uses  his  left  hand  only  to  start  the  screw.  He  can  marred  one  of  the  satin-finished,  nickel-plated  pieces 

drive  it  up  tight  without  wasting  time.  With  a  slotted  which  guide  the  mail  in  these  machines,  the  part  had  to 

screw,  he’d  have  to  ease  it  home  more  slowly  to  avoid  be  removed,  pickled,  refinished,  and  replated.  That  took 

burring  the  head.  And,  we  can’t  risk  mail-tearing  burrs  about  one  man-hour  . . .  not  to  mention  time  lost  through 

on  screws  that  secure  the  polished  mail  feed  plate  and  interruption  of  production  line  momentxim.” 

mail  stacking  assembly.  qu  PITNEY-BOWES  REPORT  AND  OTHERS.  Available  to 

"TAKES  LESS  TIME  TO  BREAK  IN  NEW  OPERATORS.  Anyone  now  are  nine  independently  made  studies  of  assem- 

can  learn  faster  to  drive  Phillips  Screws  than  slotted  bly  practice  in  famous  plants,  making  metal,  wood,  and 

screws.  The  Phillips  driver  automatically  aligns  itself  plastic  products.  A  mine  of  ideas  for  cutting  costs  and 

with  the  screw  and  holds  its  position  as  the  hand  shifts.  ending  trouble.  FREE,  of  course.  Use  the  coupon  TODAY, 

while  the  conventional  driver  is  apt  to  slip  out  of  a  slot¬ 
ted  head  screw. 


PHILLIPSr<^  SCREWS 

Wnd  Straws  •  Machine  Screws  •  ScIf  tappinE  Screws  •  Stove  Bolts 

Pawrtuckot  8<r«»  C«. 

PIimII  Mawufacturiaw  Ca. 

Rtadlwfl  Straw  Ca. 

Runall  Bunhall  A  Ward 
Balt  A  Nut  Ca. 

Scavill  MaaufacturiBi  Ca. 
Shakatraaf  I  at. 

ThaSautliiattaB  Hardwara  Mfa.  Ca. 
Tha  Staal  CaaiMay  tf  Caaada.  Ltd. 
Starliai  Balt  Ca. 

Walvariaa  Balt  Caaiaaay 
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Arearicaa  Straw  Ca. 
Atlaatit  Straw  Warlu 
Attai  Balt  A  Straw  Ca. 
Caatral  Straw  Ca. 
Chaadlar  Praducta  Cara. 
Caatlaaatai  Straw  Ca. 
CarMa  Straw  Div.  af 
Aaarltaa  Hdwa.  Cara. 
Tha  H.  M.  Haraar  Ca. 
lattraatlaaal  Straw  Ca. 
Laanaa  A  Sattioat  Ca. 


Manufatturart  Straw  Pradutta 
Millard  Rivat  aad  Mathlaa  Ca. 
Natiaaal  Latk  Ca. 

Natiaaal  Straw  A  Mlf.  Ca. 
New  Eaglaad  Straw  Ca. 
Parker- Kalaa  Caraaratiaa 


Send  me  reports  on  Asacmbty  Sevincs  arith  Phillips  Screws. 

Name . 

Comt>mny . 

Addreaa  . . 
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KESTER  FLUXES 
are  Time -Tested 

in  laboratory  and  industry 

a  In  any  soldering  operation  requiring  a  separate  flux  ...  as  in  the 
field  of  flux-cored  solders  .  .  .  you  can  profit  by  Kester’s  long  experience 
and  leadership. 

For  47  years  Kester  engineers  have  made  soldering  their  particular  study  .  •  • 
in  the  laboratory  and  in  tihe  plants  of  industrial  users.  They  have  accumulated 
a  vast  solder  experience,  which  is  the  basis  for  the  scores  of  Kester  Flux 
formulas  which  are  at  the  service  of  industry  today. 

Whatever  your  soldering  operation,  you  can  get  the  right  flux  from  Kester, 
without  guesswork  or  risk  of  solder  failure.  This  high  degree  of  solder-certainty 
means  improved  performance  for  your  product. 

Kester  engineers  are  at  your  service,  to  assist  yon  in  finding  exactly  the 
right  flux  for  your  work.  Command  them  freely,  without  obligation! 


KESTER  SOLDER  COMPANY 

4204  Wrightwood  Ave.,  Chicago  39,  Ill. 


Eastern  Plant:  Newark,  N.  J. 


Canadian  Plant:  Brantford,  Ont. 


KESTER 


tinuous  service  the  tube  hBs  a 
maximum  plate  dissipation  of  200 
watts.  It  has  been  designed  as  a 
basic  power  tube  for  f-m  transmit¬ 
ters,  but  will  doubtless  find  use  in 
amateur  transmitters. 


Electronic  Timer 

Photoswitch,  Inc.,  77  Broadway, 
Cambridge  42,  Mass.  The  type 
30HL1  universal  timer  is  capable 
of  controlling  intervals  between 
l/20th  second  and  4  minutes  with 
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Power  Tetrode 


General  Electric  Co.,  Syracuse, 
New  York.  The  type  GL-5D24 
tetrode  transmitting  tube  can  be 
used  at  full  plate  voltage  of  3,500 
volts  up  to  85  megacycles.  In  con¬ 


ing  and  battery  charging  are  uow 
available  employing  new  5  x  5|>inch 
plates. 


photo 
Courtesy  Bell 
Aircraft  Corp. 


# 


HIWMBTHcmi  OMTHIHIM! 


I  ^  \  THE  AMERICAN  FORK  AND  HOE  COMPANY  DURABLY  IDENTIFY 

T 

"True  Iemper  Ta  a  duets 


AT  PRODUCTION  LINE  SPEEDS  WITH  •  •  •  • 


MEYERCORD  DECALS 


Here’s  brilliant,  lasting  product  identification  that  meets  the 
demand  for  quantity  output  on  high  speed  production  lines. 
Whatever  your  needs . . .  trademarks,  instructions,  or  patent  data 
.  . .  whatever  your  surface  .  . .  wood,  metal,  glass,  plastic— even 
crinkled  finish  .  .  .  there’s  a  Meyercord  Decal  to  do  the  job. 
They’re  easy  to  apply  and  “stay  put’’.  Any  size,  colors  or 
designs  can  be  reproduced.  No  screws,  bolts  or  rivets  required. 
Investigate  Meyercord  Decal  nameplates.  Technical  consultation 
and  designing  service  on  request.  Mail  inquiries  to  Dept.  9-10. 


SEND  FOR  THIS  NAMEPLATE  SELECTOR 


It’s  new!  It’s  useful!  It’s  free!  Meyercord’s 
slide-rule  type  Decal  Selector  shows  how  to 
select  and  apply  6  different  kinds  of  Decals 
to  14  unusual  surfaces.  Easy  to  use.  Please 
send  requests  on  your  company  letterhead. 


■ 

'm 

*38^ 'r 

n 

THE  MEYERCORD  CO. 

World's  Largest  Deealcomania  Manufacturers 
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for  DESIGN  ant 
production 
engineers _ 


What  Have 

assenvb*-^ 


the  MILFORD  RIVET  &  MACHINE  CO 

859  Bridgeport  Ave.  1002  West  River  St. 

MILFORD,  CONN.  ELYRIA,  OHIO 
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a  variation  of  less  than  2  percent. 
Its  output  circuit  operates  a  pair 
of  single-pole,  double-throw 
switches  and  can  break  up  to  10 
amperes,  115  volts,  a-c.  The  equip¬ 
ment  operates  on  115  or  230  volts 
and  weighs  8  pounds. 


Graphic  Tester 

Sterling  Manufacturing  Co., 
9205  Detroit  Ave.,  Cleveland,  Ohio. 
Desired  function  and  voltage  or 


current  range  of  the  instrument  is 
chosen  by  the  setting  of  appropri¬ 
ate  knobs.  A  separate  knob  is  pro¬ 
vided  for  three  ohmmeter  ranges 


It  happens  regularly;  the  boat  built 
in  the  basement  that  costs  a  fortune 
to  get  out.. 

A  parallel  situation  is  an  assembly, 
perfectly  planned  on  the  drawing 
board,  that  requires  off-standard  fas¬ 
teners  and  specially  tooled  machines 
— at  thousands  of  dollars  extra  cost. 

A  fraction  of  an  inch  difference 
in  the  size  or  location  of  the  holes 
-^nd  Milford  standard  rivets  and 
rivet-setting  machines  could  have 
been  used;  thousands  of  dollars  saved; 


assembly  operations  speeded  up;  pro¬ 
fits  increased. 

The  short-cut  to  such  goals  is  con¬ 
sultation  with  a  Milford  engineer 
EVEN  BEFORE  AN  ASSEMBLY  DE¬ 
SIGN  REACHES  THE  DRAWING 
BOARD. 

Milford  engineers  welcome  such 
exploratory  discussions.  Their  knovd- 
edge  and  experience  in  the  intricate 
field  of  fastenings  is  vast.  Call  upon 
them  freely — in  confidence  and  with¬ 
out  obligation. 


Self-locking  Terminals 

Self-Locking  Terminal  Co.,  Box 
57,  Bergenheld,  N.  J.  The  termi¬ 
nals  illustrated  are  model  5S  screw 
and  solder  type  and  model  2D,  two- 
screw  front-of -board  connector. 
The  terminal  is  assembled  with  a 
plastic  locking  plate  of  Nylon  or 
an  equally  elastic  plastic.  The 
center  hole  of  this  plate  is  made 
less  than  the  diameter  of  the  screw. 
When  the  screw  enters,  it  presses 
into  the  material  but  does  not  cut. 
Unlike  fiber  this  material  retains 
its  locking  grip  through  limitless 
ins  and  outs  of  the  screw.  The 
terminal  eliminates  the  danger  of 
loose  connections  from  vibration  or 


Inquir’f*  may  olao  oddwfd  to  our  subsidiory: 

THE  PENN  RIVET  &  MACHINE  CO.,  PHILADELPHIA  33,  PENNA. 

Dodgnort  and  Manufaeturort  oft  SPECIAL  COLD-HEADED  PARTS;  SPLIT,  SEMI-TUBULAR  AND  DEEP* 
DRILLED  RIVETS;  RIVET-SEHING  AAACHINES;  SPECIAL  MACHINE  SCREWS  AND  SCREW  MACHINE  PARTS. 
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BW  gives  you  MANY  kinds  of  prints  with 

amazing  speed!  ,be  Bruniog  BW  System, 

prints  are  produced  on  simple,  com¬ 
pact  equipment  in  seconds.  No 
plumbing  —  no  exhaust  fumes.  BW 
prints  are  positives— not  negatives— 
made  directly  from  the  subject  and 
ready  for  use  instantly.  In  addition 
to  black  and  colored  line  prints,  the 
BW  System  provides  BW  Transpar¬ 
ents,  and  BW  Film— see  panel  be¬ 
low  for  their  uses.  Three  weights 
of  BW  Paper  from  which  to  choose 
—regular,  card- weight  and  thin. 


Photographic  prints  easily  made 


The  Bruning  line  includes  printers 
and  developers  for  every  need  and 
purpose !  Among  them  is  the  Model 
2  BW-Copyflex  Printer  to  provide 
photographic  or  direct  line  prints  at 
will.  A  flick  of  a  switch  changes  the 
printer  from  Copyflex  to  BW— pro¬ 
viding  double  reproduction  advan¬ 
tages.  For  complete  information 
about  the  Bruning  BW  System  and 
Bruning  BW  Machines,  mail  the 
coupon.  _ 


Have  them  at  will.** 


You  don’t  need  to  use  specially  sensitized 
BW  paper  to  have  black  line,  red  line  or 
brown  line  BW  Prints.  One  inventory  of 
BW  paper  provides  them  all!  Simply  by 
changing  the  inexpensive  developer  solu¬ 
tions,  these  different  prints  are  made  avail¬ 
able.  And,  if  you  want  further  differentia¬ 
tion,  you  can  make  red,  brown  or  black  line 
prints  on  green  tinted  BW  paper,  as  well 
as  on  white. 
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BRUNING  COMPANY,  INC. 

Sine*  1897 

CHICAGO  lOS  ANGELES 

Boston  Dotroit  Houston 

Milwouk**  Nowark  \  Pittsburgh 

Son  Frondsco  Soottls 


CHARLES  BRUNING  COMPANY,  INC 
4712-22  Montrose  Avenue,  Chicago  41,  Illinois 
Cjendemen:  I  want  to  know  more  about  Bruning 
BW  Prints  and  equipment.  Please  send  me  informa¬ 
tion. 


Smm* . 


Compmty . . . . 

Str*rt _ _ 


Ciljr . — 


Atlanta 
Kansas  CHy 
St.  Louis 


Red,  Brown  or  Black  line  BW  Prints 
on  white  or  green  tinted  poperl 
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Yours  for  the  asking 


A  new  informative  booklet  on  gears 
It  has  illustrated  sections 


on 

practically  every  known  form  of  gearing, 
together  with  many  reference 

tables  and  formulas.  Write  for  your  copy 
today  on  your  company  stationery. 


uaker  City  Gear  Works 


INCORPORATED 


1910  N.  Front  Street,  Philadelphia  22,  Pa. 


movement  of  the  connecting  wires. 
Since  the  screw  remains  under  con¬ 
stant  torque  throughout  its  entire 
travel,  it  can  be  run  out  to  a  wir¬ 
ing  position  and  still  remain  rigid 
when  a  connection  is  being  made. 
The  torque  also  prevents  the  chance 
of  the  screw  falling  into  the  equip¬ 
ment. 

The  side  walls  and  plate  are 


molded  as  a  unit.  The  walls  serve 
two  purposes — ^hold  the  wire  firmly 
under  the  screw  and  act  as  a 
insulating  barrier  between  termi¬ 
nals.  Since  the  walls  are  slightly 
elastic,  they  will  not  chip  or  break 
under  impact.  The  terminal  is 
furnished  in  standard  strips  as  well 
as  panels. 


C-r  Tube  Sealing  Machine 

Eisler  Engineering  Co.,  740-770 
South  13th  St.,  Newark,  N.  J.  The 
No.  67-SAI-16  single-head  sealing 
machine  can  seal  bulbs  up  to  24 
inches  in  diameter  of  any  height. 
It  is  equipped  with  a  variable-speed 
motor  and  can  be  quickly  adapted 
to  many  diverse  sealing  operations 
such  as  butt  sealing  and  cracking 
off. 


Universal  Rectifier 

Bradley  Laboratories,  Inc.,  82 
Meadow  St.,  New  Haven  10,  Conn. 
The  Coprox  Model  CX2E4U  re¬ 
placement  rectifier  is  provided  with 
leads  that  can  be  connected  in 
various  combinations  to  provide 
four  different  rectifier  circuits.  As 
a  full-wave  bridge,  the  unit  deliv¬ 
ers  6  milliamperes  d-c  for  6  volts 
a-c  input.  In  a  half-wave  hookup 
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If  you  Manufacture 


AUTOMOBILiS 


DISH  WASHERS 


TRUCKS  AND  BUSSES 


RADIOS 


COMMUNICATION 

TRANSMITTERS 


WASHERS 


DISPENSERS 


YOU  CAN  SAVE 


ESSEX  ^TACKAGED^^  WIRING  HARNESS 


Scores  of  users  have  found  that  they  save  time,  trouble  and 
money  by  turning  their  electrical  wiring  harness  problems 
over  to  Essex  specialists. 

Essex  One-Source  service  handles  the  intricate  job  of  producing  lighting,  ignition  and 
control  harness  assemblies  custom-built  to  your  exact  specifications  and  complete  with  all 
manual  and  elearical  control  devices  for  quick,  efficient  installation. 

Through  intensive  specialization  in  wiring  harness  assemblies,  Essex  has  developed  line 
produaion  methods  of  manufacturing,  assembly  and  inspection,  for  the  economical 
production  of  high  grade,  individually  tested,  specially  engineered  assemblies. 


Investigate  Essex  "One-Souree''  service  today  I 


ESSEX  WIRE  CORPORATION  FORT  WAYNE  6,  INDIANA 


Plants:  Fort  Wayne,  Indiana;  Detroit.  Michigan;  Anaheim,  California 
Warehouses*  and  Sales  Officies:  *Atlaou,  Georcia;  *Bostoo,  Mass.;  *Chicaso,  Ill.;  Clereland, 
Ohio;  Dayton,  Ohio;  *Detroit,  Mich.;  Kansas  City,  Mo.;  *Los  Angeles,  Calif.;  Milwaukee,  Wise.; 
*Minneapolis,  Minn.;  *Newaik.  N.  J.;  Philadelphia,  Pa.;  San  Ftanctsco,  Calif.;  *St.  Louis,  Mo. 
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P  FREEZE  UNITS 

REFRIGERATORS 

_ _  _  ■ 

Corporation  o(  America 

INSULINE  BUILDING  •  LONG  ISLAND  CITY,  N,  Y 
More  than  a  quarter-century  of  Quality  production 


(continued) 


NEW  PRODUCTS 


it  carries  a  rating  of  6  or  12  volts 
n-c  at  3  milliamperes  d-c  or  12 


MAKERS  OF 
THOUSANDS 
OF  RADIO 
AND  ELECTRONIC 
PARTS 


volts  a-c  at  5  milliamperes  d-c, 


Robot  Salesman 

Sound  Media,  17  East  48th  St., 
New  York,  N.  Y.  A  wire  recorder 
known  as  Sound  Salesman  is  now 


^  COMPLETE  \ 
FACILITIES  FOR 
FILUNG  YOUR 
'to  specification' 
V  ORDERS  ■ 


TREMENDOUS 
STOCKS  OF 
QUALITY 
STANDARD 
N^PARTS^ 


available  in  a  black  plastic  cabinet 
12  X  12  X 14  inches.  The  unit  can  be 
used  in  connection  with  billboards, 
in  museums,  or  at  amusement  cen¬ 
ters  to  repeat  desired  information. 


Contact  Springs 

Gibson  Electric  Co.,  8350  Franks- 
town  Ave.,  Pittsburgh,  Pa.  Beryl¬ 
lium  copper  contact  springs  are 
available  in  quantity  when  the 
lesser  conductivity  of  phosphor 
bronze  assemblies,  also  available, 
does  not  allow  their  use.  Contacts 
of  silver,  alloy,  or  powder  metal 
composition  can  be  furnished  at¬ 
tached  to  the  springs. 


Insuline  began  to  design,  develop  and  produce  quality  radio 
parts  for  the  industry  a  quarter  of  a  century  ago. 

Today,  Insuline  produces  one  of  the  biggest  lines  of  standard 
parts  —  everything  from  a  small  stamping  to  a  giant  trans¬ 
mitter  cabinet^and  occupies  an  enviable  position  as  a  to-your- 
specifications  manufacturer. 

You'll  find  quantity  and  quality,  speed  and  precision,  at  Insuline. 
You'll  find  more  complete  details  in  Insuline’s  hot-off-the-press 
catalog.  Write  Dept.  £-2  for  your  copy— now! 


]\Ionitormg  Amplifier 

Raytheon  Manufacturing  Co.,  60 
East  42  Street,  New  York  17,  N.  Y. 
A  high-fidelity  monitoring  ampli¬ 
fier  for  a-m  or  f-m  use,  designated 
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For  the  Man  Who  Takes  Pride  in  His  Work 


Microhmo  (Dynamic  mutual  conductance)  readings  and  sim¬ 
plified  testing  —  are  two  of  the  20  exclusive  features  in  the  new 
model  2425  tube  tester.  A  new  approach  to  transconductance  checking 
is  made  possible  through  a  simple  measurement  directly  proportional 
to  Gm  and  a  properly  calibrated  measuring  instrument.  There  is  no 
possibility  of  grid  overloading  due  to  excessive  signal.  “Short”  and 
“open”  tests  of  every  tube  element,  including  shield,  inter-element 
connections  and  taps.  Gas  Test  rounds  out  full  check  of  all  tubes. 
R.M.A.  numbering  of  three-position  lever  switches  gives  instant 
reference  for  special  tube  testing.  Switching  flexibility  allows  full 
coverage  of  present  and  future  tubes.  No  hunting — individual  socket 
for  each  tube  base  type  eliminates  error.  Excellent  design,  portability 
and  appearance,  amplified  by  Triplett  engineering  through  all  20 
features,  make  Model  2425  the  outstanding  1947  tube  tester. 


fAceldMn 


ROLL  CH\HT  ATTACHME!^T 

Has  all  the  adtxintages  of  both  roll 
chart  tmd  book  chart  in  addinft 
netv  data.  The  location  is  ri^t 
and  settings  can  be  made  easily 
and  quickly.  Fits  in  carrying 
compartment  in  tester  cover  when 
not  in  use. 


TripleM 

ELECTRICAL  INSTRUMENT  CO.  » 


Itiat 


LUFFTON.  OHIO 
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THE  NEW 

REX  MACHINE  TOOL  CONDUIT 
TYPE  M.  T.  C. 

...by  CHICAGO  METAL  HOSE 

C.M.H.  is  proud  to  present  a  new  product,  built  in  coordination  with  the 
Joint  Industry  Committee  of  Plant  and  Electrical  Engineers— in  cooper¬ 
ation  with  the  National  Machine  Tool  Builders  Association. 

CHECK  THESE  OUTSTANDING  FEATURES  — 

THEN  WRITE  US  FOR  DETAILED  INFORMATION 


e  Rexible  metal  hose  liner 
o  Synthetic  cover 
e  Extremely  flexible 

e  Smoothness  of  flexible  metal  hose  bore 
prevents  excessive  abrasion 


e  Liquid'tight  steel  fittings — usable  with  both 
standard  and  water-tight  conduit  boxes 
e  Fittings  are  attachable  and  re-attachable 
by  user — or  can  be  permanently  attached 
at  factory 

e  Sizes  from  %-in.  1.  D.  to  1  '/a -in.  I.  D.  inclusive 
e  Furnished  in  mill  lengths  or  cut  lengths,  with 
factory-attached  fittings  both  re-attachable 
or  permanently  attached — or  with  fittings 
supplied  loose  for  user  to  attach. 


NEW  PRODUCTS  (continued) 


the  RM-10,  is  flat  from  30  to  15,000 
cycles.  At  5  watts  output  the  har- 


monic  distortion  is  less  than  0.6 
percent.  Gain  from  a  500-ohm 
source  to  a  15-ohm  load  is  102  db. 
The  unit  is  equipped  with  a  gain 
control  and  a  remote  control  for 
volume. 

Electrostatic  Voltmeter 

Rawson  Electrical  Instrument, 
Co.,  110  Potter  St.,  Cambridge  42, 
Mass.  The  cut  on  page  220  of  the 
September  issue  illustrating  the 
type  518  electrostatic  voltmeter  ap¬ 
peared  in  error  and  does  not  repre¬ 
sent  the  instrument  described. 


T.itftrafiirft 

Manual  Guide — Ken  Cook  Co.,  710 
N.  Plankinton  Ave.,  Milwaukee  1, 
Wis.  Sales  and  service  manuals, 
parts  catalogs,  and  government 
technical  manuals  require  careful 
and  exacting  preparation.  Avail¬ 
able  free  of  charge  is  the  booklet 
“How  to  Plan  an  Owner  Manual" 
that  gives  a  few  hints  on  how  to 
tackle  the  problem. 

Electrical  Porcelain  —  Electrical 
Manufacturers  Public  Informa¬ 
tion  Center,  155  East  44  St.,  New 
York  17,  N.  Y.  A  new  booklet  pub¬ 
lished  by  thirteen  cooperating 
manufacturers  of  electrical  por¬ 
celain  products  describes  the  phys¬ 
ical  properties,  uses,  mechanical 
properties,  and  other  pertinent 
data  on  the  material. 

Microphones  and  Pickups — The 
Astatic  Corp.,  Conneaut,  Ohio.  The 
complete  history  of  the  company’s 
development  is  carried  up  through 
recording  heads  on  page  24.  In 
between  are  descriptions  of  typi- 


•  No  detrimental  abrasive  surfaces  through¬ 
out  hose-fitting  assembly 

•  Liquid-tight  externally 


Write  for  Bulletin  M.  T.  C. — 46 


Flexible  Metal  Hose  for  Every  Industrial  Use 


CHIf  fieo  aiETAL  HOSE  ColWRAmN 

I  I  I  I  I  fflAVUfOOD,  IUIN0I8 

Ploiytts  Maywood  and  ilgin,  lU- 
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G.  E.  OFFERS  A  COMPLETE  LINE.  OF  INSULATING  MATERIALS 


Ho  electrical  equipment  can  be  any  better  than  its  insulation 


Because  of  its  excellent 
weather  resistance,  this 
insulating  varnish  was 
used  for  all  kinds  of  war 
communications  equip- 


. . .  and  the  same  varnish 
is  now  being  used  for 
protection  in  peacetime 
communications  systems 
far  and  wide. 


General’ ELECTRIC’S  unrivaled  facilities  for  synthetic 
resin  insulating  varnish  research,  development  and  manu¬ 
facture  are  now  available  to  all  who  make  or  repair  elec¬ 
trical  equipment.  Be  sure  of  produa  uniformity,  by  virtue  of 
G-E  Quality  Control — specify  G-E  Insulating  Varnishes.  For 
full  details  consult  your  local  General  Electric  Merchan¬ 
dise  Distributor.  Or  write  direct  to  Section  RIMA-10614, 
Resin  and  Insulation  Materials  Division,  Chemical  De¬ 
partment,  General  Electric  Company,  Scheneaady  5,  N.  Y. 


ELECTRIC 


GENERAL 
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ROTOBRIDGE 

REG.  U.  S.  PAT.  OFF. 

The  Automatic  High  Speed 
Mass  Productnn  Tester 


HERE’S  THE  TROUBLE! 

Rotobridge  indicates  defective  circuits  by  number, 
enabling  a  service  man  to  examine  the  num¬ 
bered  inspection  tag,  and  find  the  defect  without 
the  use  of  conventional  measuring  equipment. 


I 

\ 
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NEW  PRODUCTS  (continurd) 

cal  uses,  specifications,  ordering 
information,  and  prices  of  phono¬ 
graph  pickups,  recording  heads, 
and  accessories.  The  publication 
is  designated  Catalog  No.  46. 

Industrial  Tubes — General  Elec¬ 
tric  Co.,  Syracuse,  N.  Y.  Charac¬ 
teristics,  ratings,  prices,  and  an 
interchangeability  chart  of  trans¬ 
mitting  and  industrial  tubes  are 
contained  in  booklet  ETX-10. 

Selenium  Rectifiers — Radio  Re¬ 
ceptor  Co.,  Inc.,  251  West  19th  St., 
New  York  11,  N.  Y.  An  8-page 
bulletin  describes  in  detail  the 
various  types  of  standard  selenium 
rectifier  equipments  for  direct- 
current  requirements.  Complete 
specifications  and  ratings  are  in¬ 
cluded. 

Sheet  Metal  Cabinets — S.  Walter 
Co.,  144-146  Centre  St.,  Brooklyn 
31,  N.  Y.  Instrument  panels,  chas¬ 
sis  units,  and  waterproof  cabinets, 
including  Na\’y-specification  parts 
boxes,  are  available  or  can  be  fab¬ 
ricated  on  order.  The  service  is 
described  in  a  4-page  brochure. 


SPEED — Rotobridge  makes  bridge-type  measurements,  comparing 
completed  units  against  your  engineering  standard.  Tests  arc 
made  right  on  the  assembly  line  at  the  rate  of  a  circuit  a  second. 


ACCURACY*^Rotobridge  automatically  checks  wiring  errors, 
resistance  and  reactance  values  on  all  types  of  communication, 
elearical  and  electronic  equipment.  It  can  be  operated  by  unskilled 
labor — and  since  the  human  element  is  almost  entirely  eliminated, 
specified  tolerances  are  absolutely  maintained. 

VERSATILITY-Rotobridge  is  adaptable  to  several  small  sub  assem¬ 
blies,  or  a  complete  set  comprising  as  many  as  120  circuits.  Two  or 
three  Rotobridge  units  working  simultaneously  will  inspect  a  30 
or  40  tube  set-up— in  five  minutes. 


WRITE  TODAY  FOR  BULLETINS 


COMMUNICATION... 

MEASUREMENTS 

LABORATORY 

120  Greenwich  St.,  New  Yorit  6,  N.  Y. 

r  CHICAGO:  612  N.  Michigan  Ava. 

SALES  1  WASHINGTON:  924  19th  St..  N.W. 

Offices 

[PHILADELPHIA:  Ridga  &  Crawford 
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Capacitor  Catalog — Aerovox  Corp,. 
New  Bedford,  Mass.  Most  engi¬ 
neers  have  probably  received  the 
new  1946  Aerovox  General  Cata¬ 
log  in  a  loose-leaf  binder  that  will 
enable  them  to  replace  old  pages 
with  latest  information  as  it  be¬ 
comes  available.  The  catalog  is 
an  exhaustive  and  complete  com¬ 
pendium  of  information  on  the  line 
of  capacitors  manufactured  by  the 
company. 

Impedance  Measurements — Tech¬ 
nology  Instrument  Corp.,  1058 
Main  St.,  Waltham  54,  Mass.  The 
type  310-A  Z-Angle  Meter  meas¬ 
ures  impedance  in  ohms  and  phase 
angle  in  degrees.  The  instrument 
is  direct  reading  over  the  entire 
a-f  spectrum.  It  uses  a  circuit 
basically  different  from  that  of 
conventional  a-c  bridges.  A  pam¬ 
phlet  has  been  prepared  to  de¬ 
scribe  the  instrument. 

Radioactivity  Measurements  — 
Tracerlab,  Inc.,  65  Oliver  St.,  Bos¬ 
ton,  Mass.  The  Autoscaler  sup¬ 
plies  operating  voltage  for  a 
Geiger  tube  and  counts  the  im¬ 
pulses,  measuring  the  time  re- 
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DOUBLE  INLAY 


SINGLE  EOGELAY 


DOUBLE 

EDGELAY 


SINGLE  INLAY 


Assure  Lower  CostS/  Provide 
Efficient  Performance  and  Give 
Longer  Life  to  Electrical  Contacts 

Why  pay  the  new  high  costs  of  silver  when  General 
Plate  Laminated  Metals  give  you  solid  precious 
metal  performance  at  exceptionally  low  costs.  How 
. .  .  because  General  Plate  Laminated  Metals  give 
you  a  silver  contact  face  at  the  actual  point  of  contact 
where  the  precious  metal  performance  is  desired. 
The  result,  you  get  the  high  electrical  conductivity 
desired  at  a  fraction  of  the  cost  of  costly  solid  silver 
contacts. 

General  Plate  Laminated  Silver  Metals  make 
fabrication  of  contact  assemblies  easy.  In  addition, 
they  provide  longer  wearing  life.  The  base  metal 
adds  strength,  better  spring  properties,  and  makes 
spot  welding  or  soldering  more  practical. 

Investigate  General  Plate  Laminated  Silver  Metals 
for  your  contact  problems.  Write: 


i  ^ 

fu 

^  •  » ,'v 

i  <  • 

S 

f  ^ 

4\ 

h— _ ■  ^ 

^  > 

Typical  contacts  fabricated  from  General 
Plate  Laminated  Silver  Metals. 


GENERAL  PLATE  DIVISION 

of  MotaU  and  Controls  Corporation 

50  Church  StrMt.  N*w  York.  N.  Y.,  205  W  Wockur  Oriv*.  Chicaso,  HI., 
2635  Pog*  Driv*,  Altadana,  Calif.,  Grant  Bldg.,  Pittsburgh,  Pa. 

ATTLIBOtO,  MASSACHUSITTS 
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NEW  PRODUCTS 


quired  for  reception  of  a  given 
number.  Further  details  of  the 
apparatus  and  associated  equip¬ 
ment  are  given  in  an  8-page  bro¬ 
chure  just  printed. 

Relays — Automatic  Electric  Mfg. 
Co.,  Mankato,  Minn.  A  4-page 
bulletin  recently  issued  shows  a 
few  of  the  representative  types  of 
overload,  midget  power,  and  latch¬ 
ing  relays  available  for  circuit 
controls  in  communications  and 
industrial  electronic  applications. 

Service  Encyclopedia — P.  R.  Mal¬ 
lory  and  Co.,  Inc.,  Indianapolis  6, 
Ind.  The  fifth  edition  of  the  Ra¬ 
dio  Service  Encyclopedia  lists 
recommended  component  replace¬ 
ments  for  all  prewar  receivers, 
besides  giving  the  complete  tube 
lineup  and  i-f  value.  List  price  of 
the  publication  is  $1.25. 

Capacitors  and  Filters — Cornell- 
Dubilier  Electric  Corp.,  South 
Plainfield,  N.  J.  The  latest  24- 
page  catalog  describing  C-D  elec¬ 
trolytic,  paper,  and  mica  capaci¬ 
tors,  capacitor  test  instruments, 
and  interference  filters  is  now 
available  from  jobbers  or  on  di¬ 
rect  request  to  the  company. 

Mycalex  Catalog — Mycalex  Corp. 
of  America,  60  Clifton  Blvd.,  Clif¬ 
ton,  N.  J.  The  latest  catalog  de¬ 
scribing  typical  applications, 
types  of  molding  and  fabricating, 
and  salient  characteristics  of 
glass-bonded  mica  insulating  mat- 
terial  is  now  available. 

Sheet  Metal  Enclosures  —  Karp 
Metal  Products  Co.,  Inc.,  139  30th 
St.,  Brooklyn,  N.  Y.  Custom-built 
panels,  relay  racks,  meter  panels, 
and  cases  are  pictured  in  an  8- 
page  bulletin  just  issued. 

Graphic  Recorders — Sound  Appar¬ 
atus  Co.,  233  Broadway,  New  York 
7,  N.  Y.,  will  send  its  catalog  de¬ 
scribing  in  19  pages  a  line  of  fre¬ 
quency-response  and  power-level 
recorders  and  allied  equipment. 

Terminals  and  Lugs — Aircraft  Ma¬ 
rine  Products  Inc.,  1521-53  N.  4th 
St.,  Harrisburg,  Pa.  An  interest¬ 
ing  indexed  catalog  complete  to 
the  point  of  including  samples  in 
transparent  envelopes  has  just 
been  turned  out  by  these  makers 


..ysr  Guaiie  ^nina 

Which  Means  a  Lot 


Multiple  cutting  of  multiple 
windings,  as  Coto-Coil  does  it, 
means  increased  accuracy  .  .  . 
greater  economy. 

With  special  machines  of  our  own 
design,  carrying  gang  saws  set  to 
accurate  measurements,  each  mul¬ 
tiple-wound  stick  of  coils  is  cut  to 
extreme  accuracy.  There  can  be 
no  variations  in  length.  Each  single 
coil  is  exactly  like  all  the  other 
coils. 


Coto-Coil  modern  equipment, 
skilled  workers  and  advanced  me¬ 
thods  insure  better  coils  at  lower 
cost. 


29  years  of  coil  winding  ex¬ 
perience  assures  your  satis¬ 
faction.  Send  us  your  speci¬ 
fications. 


COTO-COIL  CO.,  INC 

COIL  SPECIAUSTS 
SINCE  1917 


65  Pavilion  Ave, 
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PRECISION 

RESISTANC 

BOXISifl 


%  The  General  Radio  Type  602  Decade-Resistance  Boxes  are 
universally  accepted  as  the  adjustable  standards  of  resistance  in 
laboratories  where  a  wide  range  of  resistance  values  is  required. 


•  PERAAANENT  CALIBRATION 

•  THOROUGH  AGING 

•  ACCURATELY  ADJUSTED  RESISTANCE  VALUES 

•  LOW  TEMPERATURE  COEFRCIENT 

•  LOW  INDUaANCE  AND  CAPACITANCE  WINDINGS 

•  NO  APPRECIABLE  FREQUENCY  ERROR  BROW  50  KC 

•  LOW  AND  CONSTANT  CONTACT  RESISTANCE 

•  PROTECTED  WINDINGS  AND  SWITCHES 

•  POSITIVE  DETENT  MECHANISMS 

•  SHiaDED  CABINETS  NO  BODY  CAPACITANCE 

•  CURRENT-CARRYING  CAPACITY  ENGRAVED  ON  EACH  DECADE 

•  NINE  SIZES  BETWEEN  0.1  TO  111  OHMS  AND 

1  TO  111,  1 10  OHMS 

•  MODERATRY  PRICED  BETWEEN  $30  and  $80 


Quadniplc-lcaf,  photphot-bronze 
»witche»  with  wiping  contact.  Con¬ 
tact  surfaces  ground  flat.  Contact 
resistance  only  0.002  ohm.  Cam-type 
positive  detent  mechanism.  Entire 
unit  shielded  behind  panel. 


Aryton-Perry  windings  of  the  1-, 
10-,  aitd  100-ohm  decades  on  bakelite 
cards. 


WE  HAVE  A  FEW  IN  STOCK! 

Writm  for  DohtiM  Informatiott  and  Compioto  SpocHicaHom 


GENERAL  RADIO  COMPANY 


275  MASSACHUSETTS  AVENUE  CAMBRIDGE,  MASSACHUSETTS 

BRANCHES:  90  W«st  St.,  N«w  York  6,  920  S.  Michigan  Avo., 

.  Chicago  5,  950  N.  Highland  Avo.,  Los  Angolos  38 


Unifilar  srindings  of  the  1,000-  and 
10,000-ohm  decades  on  mica  catds. 


NICS 
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of  lugs,  parallel  and  butt  con¬ 
nectors,  and  knife-disconnect 
splices.  These  various  products 
are  useful  either  for  permanent 
installations  or  in  experimental 
setups  in  which  haywire  connec¬ 
tions  cannot  be  tolerated  and  the 
more  conventional  connectors  are 
unnecessary. 


Micro-Switch  C  a  t  a  1  o  g — Micro- 
Switch,  Freeport,  Ill-.  Copies  of 
catalog  No.  61  comprising  the  com¬ 
plete  line  of  snap-action  switches 
for  industrial  and  electronic  use 
can  be  had  by  writing  the  com¬ 
pany. 

Rectifiers  —  Electronic  Rectifier 
Co.,  Inc.,  Rochester  2,  N.  "t.  A  16- 
page  catalog  containing  a  complete 
line  of  selenium-plate  and  vacuum- 
tube  rectifiers  has  been  published, 
containing  illustrations,  specifica¬ 
tions,  and  prices. 

Transmitting  Tube  Manual-Gen¬ 
eral  Electric  Co.,  Syracuse,  N.  Y. 
A  new  600-page  technical  manual 
on  electronic  transmitting  tubes, 
containing  information  and  appli¬ 
cation  data  on  94  tube  types,  sells 
for  $2.  As  new  data  is  prepared  it 
will  be  supplied  to  purchasers  at 
an  annual  charge  of  $1. 


M!cah  is  dependable 


Micah  is  dependable.  No  harem-scarem,  he,  if 
he  tells  Fatima  he'll  be  there  at  eight  —  eight 
sharp  it  is,  even  if  it  means  bailing  out  to  avoid 
a  bawling  out.  "I'm  dependable  twenty-four  hours 
a  day,"  says  Micah. 

And  mica  (without  the  "h")  Is  the  most  depend¬ 
able  Insulating  material  there  Is.  Time-tested,  It 
Is  a  known  quantity  with  precisely  predictable 
properties.  Nothing  else  Is  so  sure;  nothing  else 
Is  so  Indestructible.  Because  of  Its  unequalled  di¬ 
electric  properties  and  long  life,  there  Is  no  sub¬ 
stitute  for  mica.  And  there  Is  no  substitute  for 
Macallen  Mica. 

When  You  Think  of  MICA,  Think  of  MACALLEN 


Pulsing  Drive — ^Yardeny  Labora¬ 
tories,  Inc.,  105-107  Chambers  St., 
New  York  7,  N.  Y.  A  brochure 
describes  the  new  pulsing  drive 
that,  by  the  turn  of  a  knob,  applies 
pulses  of  voltage  to  the  motor  un¬ 
der  control.  As  the  knob  is  turned 
farther  in  the  desired  direction  the 
pulses  become  longer,  effectively 
increasing  the  speed. 


Components  Catalog — P.  R.  Mal¬ 
ory  and  Co.,  Inc.,  Indianapolis  6, 
Ind.  Catalog  No.  467  lists  capaci¬ 
tors,  controls,  switches,  resistors, 
power  supplies,  and  other  com¬ 
ponents  together  with  their  prices. 


F-m  Transmission  Lines — Andrew 
Co.,  363  East  75th  St.,  Chicago  19, 
Ill.  Bulletin  42  contains  complete 
technical  information  on  transmis¬ 
sion  lines  with  solderless  connec¬ 
tions  developed  particularly  for 
f-m  and  television  installations. 


Mercury  Switches  —  Minneapolis- 
Honeywell  Regulator  Co.,  2753 
Fourth  Avenue  South,  Minneap- 


18  MACALLEN  STREET-  BOSTON  27 

CHIGA60:  SS5  W.  WiskiliflM  IM.  CLEVELAND:  MOS  LMd«r  IM|. 
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•  high  impedance  triode  input 

•  high  sensitivity  on  AF  and  RF 

•  stabilized  zero  setting 

Facts  .  .  .  Figures  that  Make  Televiso’s  New  Series 
200A  a  BETTER  Vacuum  Tube  Voltmeter  .  .  . 

High  impedance  input,  high  sensitivity  and  zero 
adjustment  stabilization  are  the  prime  require¬ 
ments  in  a  vacuum  tube  voltmeter  for  use  in 
modern  electronic  and  industrial  manufacturing. 
Televiso’s  new  Series  200A  combines  these  three 
qualities  to  an  unusual  degree.  It  is  a  direct  reading 
instrument  with  a  full  scale  sensitivity  of  .5  volt  for 
use  at  audio  and  radio  frequencies.  Readings  as  low 
as  100,000  microvolts  are  accurate.  Only  one  zero 
adjustment  is  needed  for  all  ranges.  The  instrument 
covers  the  radio  frequency  range  to  500  megacycles, 
is  linearly  responsive  to  the  low  audio  frequency 
range  of  four  cps.  and  useful  to  two  cps. 

The  new  Series  200A  is  the  result  of  years  of  test¬ 
ing  and  research.  Stray  capacitances  and  detuning 
effects  are  reduced  to  a  minimum  by  bringing  the 
input  connections  of  the  voltmeter  close  to  the  cir¬ 
cuit  to  be  measured.  Connections  can  be  made 
directly  to  the  measured  circuit  by  wires  or  by  a 
contact  clamping  fixture  for  production  work.  It 
has  an  external  probe  to  which  connections  can  be 
soldered,  or  binding  posts  that  can  receive  wires 
or  banana  plugs. 

The  input  tube  is  a  triode  plate  circuit  rectifier 
type  in  which  the  input  voltage  is  rectified  under 
full  wave,  square  law  operating  conditions  and 
indicates  RMS  values. 

The  reai;  storage  compartment  of  die  instrument 
contains  a'* source  of  calibration  voltage  equal  to 
five  RMS  volts  ±  2%,  making  possible  continuous 
checks  on  calibration  accuracy. 


Range:  .05-150  volts  AC  in  5  ranges.  Full-scale  ranges  are  .5  volt, 
2  volts,  15  volts,  50  volts  and  150  volts.  The  150-volt  range  may  be 
extended  to  1500  volts  by  means  of  a  type  10: 1  capacitive  divider 
available  on  special  order. 


Accuracy:  Accuracy  is  ±2%  of  full  scale  on  all  ranges  on  sinu¬ 
soidal  voltages.  Middle  scale  accuracy  is  within  5%  on  all  ranges. 


Dimensions:  Length,  17.5";  width,  11.5 
slope. 


Guarantee:  The  instrument  is  fully  guaranteed  for  a  period  of 
two  years  against  defective  material  and  workmanship. 


Like  all  Televiso  measuring  instruments,  the  new  Series  200A 
vacuum  tube  voltmeter  is  a  model  of  modem  design  and  con¬ 
struction — assuring  dependability  and  extreme  accuracy  over 
extended  periods  of  time.  Cabinets  are  copper  lined  to  prevent 
extraneous  radio  frequency  fields  from  affecting  readings.  The 
panel  is  of  caustic  dipped  aluminum,  flat  black  painted  with  a 
fine  baked  enamel  finish. 


Write  hr  Bulletin  32  for  complete  details 

Price  $170.00  F.O.B.  Chicago.  Deliveries  from  stock 
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This  Tubing  makes 

Radio  Waves  TURN  CORNERS 


This  American  Seamless  Flexible 
Wave  Guide  is  made  from  thin-wall 
rectangular  metallic  tube . . .  can  be  ex¬ 
tended,  compressed  or  bent  in  two 
planes  to  small  radii  and  withstands  a 
large  number  of  flexures  of  moderate 
amplitude. 

Other  widely  used  American  Flexi¬ 
ble  Wave  Guides  are  the  "Vertebra” 


These  high  precision  units  mate  elec¬ 
trically  and  mechanically  with  the 
standard  sizes  of  rigid  guide  for  opera¬ 
tion  at  wave  lengths  from  20  to  less 
than  3  Cm. 

We  will  be  glad  to  assist  in  selecting 
the  wave  guide  best  suited  to  the  spe¬ 
cific  requirements  of  your  installation. 
Write  for  our  "Electronics  Data  Book!’ 


olis  8,  Minn.  A  total  of  66  basic 
.switch  models  are  manufactured 
by  this  company  for  direct  control 
of  electrical  loads  up  to  50  am¬ 
peres.  A  new  15-page  booklet  lists 
complete  details  on  the  line. 

j  Hearing  Aid — Paraphone  Hearing 
I  Aid,  Inc.,  2056  East  Fourth  St., 
i  Cleveland  15,  Ohio.  A  hearing  aid 
featuring  a  replaceable  chassis  to 
avoid  repair  delays  is  pictured  in 
an  8-page  brochure  recently  pub- 
j  lished. 

I 

!  Microphones — Electro-Voice,  Inc., 
1239  South  Bend  Ave.,  South  Bend 
24,  Ind.  A  complete  new  catalog 
and  selection  guide  describes  car- 
dioid,  dynamic,  crystal,  velocity, 
differential,  and  carbon  micro¬ 
phones  and  suggests  the  best  mi¬ 
crophone  for  any  particular  use. 

Components  Catalog  —  Croname, 
Inc.,*  3701  Ravenswood  Ave.,  Chi¬ 
cago  13,  Ill.  Knobs,  dial  plates, 
tuning  units,  drives,  and  acces¬ 
sory  items  are  among  the  products 
listed  in  Bulletin  No.  244,  Issue  2. 

Waterproof  Connectors — Cannon 
Electric  Development  Co.,  3209 
Humboldt  St.,  Los  Angeles  31, 
Calif.  The  new  series  of  water¬ 
proof  connectors  designed  for  un¬ 
derwater  use  and  presently  em¬ 
ploying  AN-type  inserts  is  pic¬ 
tured  in  Bulletin  No.  W-146. 

A-m  Transmitters — Federal  Tele¬ 
phone  and  Radio  Corp.,  Newark  1, 
N.  J.  Technical  data  on  5-kw  and 
50-kw  a-m  broadcast  transmitters 
is  presented  in  recent  literature  is¬ 
sued  by  the  company.  Simplified 
circuits,  layout  drawings,  and  di¬ 
mensional  outlines  are  included. 

Small  Motors — The  Alliance  Manu¬ 
facturing  Co.,  Alliance,  Ohio.  Sev¬ 
eral  separate  sheets  have  recently 
been  printed,  each  describing 
small  motors  useful  as  adjuncts 
to  electronic  equipment.  Some  are 
suitable  for  blowers,  others  for 
driving  record  changers.  One  re¬ 
versible  motor  with  gear  train  has 
been  designed  for  radio  tuning. 

X-ray  Spectrometer — North  Amer¬ 
ican  Philips  Co.,  Inc.,  100  East 
42nd  St.,  New  York  17,  N.  Y.  An 
8-page  booklet  (R1041)  titled  “The 
Geiger-Mueller  X-ray  Spectrom- 
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type,  consisting  of  a  series  of  choke- 
plate  wafers  inserted  in  a 
synthetic  rubber  jacket, 
and  the  "Moldlock”  type, 
made  of  spirally  wound 
strip  with  folly  interlocked 
joints,  with  (or  without)  a 
synthetic  jacket. 


dA 


METAL  HOSE 

THE  AMERICAN  BRASS  COMPANY 
Am$riaiii  /Ntfof  Hos»  Broach 

General  Offices:  Waterbary  88,  Conn. 
Subsidiary  of  Anaconda  Copper  Mining  Company 


2St 


1-3/8x31/2 


Modern  functionally  desirned  capacitors.  Metal 
ferrules  are  soldered  to  sliver  bands  fused  to  each 
end  of  heavy-walled  class  tubes.  This  vacuum  tlcht 
From  600  to  over  30,000  Volts  assraably  Is  funcoe-proof  and  passes  SIcnal  Corps, 

Air  Corps  and  Navy  thermal  cycle  and  Immersion 
tests. 


•For  low  and  medium  power  coupling  and  bypass 
circuits  where  mica  capacitors  have  previously  been 
required 

•  Television  and  Oscilloscope  Circuits 

•  Vibrator  Buffer  and  Arc  Elimination 


•  Geiger  Counter  and  Instrument  Capacitors 

Write  for  illustrated  literature  featurinc  our 
complete  line  of  Olassmike  Capacitors. 

*  PLASTICONS:  Plasfit^Hlm  DMmttrU  Capatitors 

Order  from  your  jobber:  if  he  cannot  supply  you,  order  direct 

^{^ondenser  products  C,ompany 

I37S  NORTH  BRANCH  STREET  •  CHICAGO  32,  IlllNOIS 
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high  vamuum 

RECORD  AND  CONTROL  WITH 


Televac 


TWO  NEW  VACUUM  GAUGES  ARE  NOW  AVAILABLE. 

FOR  COMPLETE  SPECIFICATIONS,  WRITE  FOR  •UUETIH  E'101 

•  No  Ontgassing  of  Ganges 

•  Stable  Calibration 

•  No  Electrical  Leakage 

•  Interchangeable  Gauges 

#  Ganges  Guaranteed  1000  Hours 

•  Can  Not  Bum  Out  Due  to  Accidents 

•  Dual  Range:  0  to  500/^ — 0  to  0.4m 

•  Adaptable  to  All  High  Vacuum 
Processes 

•  Extremely  Simple  to  Operate 

•  Accurate,  Continuous  Record  Tells  the 
THiole  Story — Permanently 

MODEL  S  TELEVAC  FOR  ACCURATE  RECORDS  DOWN  TO 

.001  MICRON  (10^  mm  MERCURY) 


MODEL  MR  TELEVAC  FOR  ACCURATE  RECORDS  DOWN  TO 

1  MICRON 

•  Constant  Calibration 

Interchangeable  Gauges 

•  No  Batteries — ^Uses  lI5y.A.C. 

•  Range:  0*500  Microns  ‘ 

•  Adaptable  to  Automatic  Exhaust 
Machines 

•  Can  Operate  Auxiliary  Relays 
Pre-determined  Pressures 

Massfoefsrsrc  e#  SehiifHle  Glasswarm  aad  Frecishm  ImtfnmaaH  Per  Over  10  feors 


GEORGE  E.  FREDERICKS 

COMPANY 

BETHAYRES  •  PENNSYLVANIA 

HIGH  VACUUM  TECHNICIANS  •  CONSULTING  ENGINEERS 


eter”,  reprinted  from  a  recent  ar¬ 
ticle,  is  available  at  no  cost.  Con¬ 
struction  details,  practical  appli¬ 
cations,  and  illustrations  are 
treated  at  some  length. 

Process  Controllers — Bailey  Meter 
Com,  1050  Ivanhoe  Road,  Cleveland 
10,  Ohio.  Process  controllers, 
measuring  and  telemetering  com¬ 
ponents,  and  gas  analyzers  are  de¬ 
scribed  in  an  8-page  bulletin  No. 
17  recently  issued. 

High-gain  Radiator — Federal  Tele¬ 
phone  and  Radio  Corp.,  Newark  1, 
N.  J.  Engineering  details  of  the 
square-loop  f-m  broadcast  antenna 
have  just  been  published  in  a 
booklet  containing  illustrations 
and  graphs  of  characteristics  and 
performance. 

Grommet  Bushings — C  r  e  a  t  i  v  e 
Plastics  Corp.,  963.  Kent  Ave., 
Brooklyn  5,  N.  Y.  Copies  of  a  chart 
of  grommet  bushings  covering  all 
dimensions,  including  collars,  and 
ranges  from  i  to  i  inch  inside  di¬ 
ameter  may  be  obtained  for  the 
asking. 

Color  Code — Allied  Radio  Corp., 
833  West  Jackson  Blvd.,  Chicago 
7,  Ill.  A  new  RMA-JAN  color  code 
guide  that  quickly  translates  re¬ 
sistor  colors  to  their  numerical 
values  is  available  from  the  com¬ 
pany  at  a  cost  of  10  cents  each. 

Heating  and  Sealing-r-Radio  Re¬ 
ceptor  Co.,  Inc.,  251  West  19th  St, 
New  York  11,  N.  Y.  An  8-page 
booklet  “Electronic  Heating  and 
Sealing  With  the  Thermatron”  de¬ 
scribes  the  use  of  industrial  heat 
generators  for  preheating  and 
sealing  of  plastics,  rubber,  ply¬ 
wood,  and  other  dielectric  mate¬ 
rials. 

Loudspeakers  —  University  Loud¬ 
speakers,  Inc.,  225  Varick  St,  New 
York  14,  N.  Y.  has  compiled  a  new 
twenty-two  page  catalog  of  heavy- 
duty  loudspeakers  for  outdoor 
use. 

Interval  Timer — Electronic  Con¬ 
trols,  Inc.,  44  Summer  Ave.,  New¬ 
ark  4,  N.  J.  A  1-page  data  sheet  is 
available  describing  an  electronic 
interval  timer. 
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S.$.lVluH'7l^dt£e$Ua^ 


Just  consider  the  picture  above  for  a  minute.  Imagine  the 
flexible  shaft  wasn't  there,  and  figure  how  else  you  would 
operate  that  rotary  switch.  We  believe  you'll  quickly  agree 
that  for  jobs  of  this  kind  you  can't  beat  a  flexible  shaft. 

Also,  as  you  look  at  the  picture  you  can  appreciate  that  the 
switch  could  have  been  located  anywhere  and  In  any  position 
In  the  unit  .  .  .  and  the  one  flexible  shaft  would  still  have 
served  the  purpose. 

S.  S.  White  remote  control  flexible  shafts  are  expressly  de¬ 
signed  to  do  just  such  jobs  .  .  .  transmitting  remote  control 
to  parts  In  Inaccessible  places  regardless  of  turns,  obstacles, 
distance.  Properly  applied,  they  give  you  a  quality  of  control 
that  rivals  a  direct  connection  In  sensitivity  and  smoothness. 


WRITE  FOR  BULLETIN  4501 


it  gives  essential  facts  and  engineering  data  about 
flexible  shafts  and  their  application. 


THE  S.  S.  WHITE  DENTAL  MFG.  CO. 


INDUSTRIAL 


DIVISION 


DEPT.  E.  10  EAST  40tli  ST.,  NEW  TORK  16,  N.  T.... 

HIXIBII  SNAfTS  •  mxitll  SNAFT  TOOlt  •  AIICtArT  ACCISSOtllt 
SMAU  CUniNO  AND  MINOINO  TOOiS  •  SNCIAl  POtMUlA  tUltlit  ' 

MOiofD  mmoxs  •  Dusnc  shciaiths  •  coNTtAO  rusncs  moionid 


Ohc  0^  ^MuniceCi.  A  AAA 
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Top  viow  of  fho  Accessory  Table  of  the 
S.  S.  White  "MASTER"  Dental  Unit  with 
cover  removed,  showing  use  of  a  short 
^oxlbto  shaft  to  covp/e  control  knob  to 
contact  arm  of  rotary  switch. 


THE  SIMPLE  WAY  TO  OPERATE  VARIABLE 
ELEMENTS  IN  INACCESSIBLE  PLACES 
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line  for  television  receivers  shall 
have  a  characteristic  impedance  of 
300  ohms  and  consist  of  parallel  un- 
shield^  pair,  according  to  another 
recent  RMA  standard.  Without 
this  standardization,  television  set 
makers  would  generally  have  to 
supply  their  own  lines  and  antennas 
with  sets  to  assure  proper  opera¬ 
tion. 

The  i-f  value  for  the  sound  chan¬ 
nel  of  television  receivers  has  been 
standardized  at  between  21.25  and 
21.9  megacycles,  with  the  oscillator 
at  a  frequency  higher  than  that  of 

9:30  a.  m. — Technical  session;  Report  the  incoming  signal, 
on  Television  Standards,  by  D.  B.  Smith 
of  Philco  Corp. ;  Recent  Improvements  in 
Television  Equipment,  with  demonstra¬ 
tion,  by  G.  1m  Beers  of  RCA  Victor 
Division. 

2:00  p.  m. — Technical  session;  Produc¬ 
tion  Desi^  of  Magnetic  Wire  Recorders, 
by  R.  S.  Anderson  and  G.  W.  Carlson  of 
Stromberg-Carlson  Co. ;  Measurement 
Methods  for  Ferromagnetic  Materials,  by 
H.  W.  L.amson  of  General  Radio  Co. 


Edited  by  JOHN  MARKUS 


Dates  and  programs  of  forthcoming  electronic 
conferences;  reports  on  surplus  disposal  and 
f-m  station  construction;  industry  news 


Interim  Research 

With  OSRD  in  process  of  demobil¬ 
ization  and  its  permanent  replace¬ 
ment,  the  National  Science  Founda¬ 
tion,  not  yet  legislated  into  exi.st- 
ence,  the  War  and  Navy  depart¬ 
ments  are  utilizing  the  research  and 
engineering  staffs  of  educational 
institutions,  industries,  and  founda¬ 
tions  for  continuation  of  scientific 
research  during  the  interim  period. 

To  assure  coordination  between 
War  and  Navy  department  re¬ 
search  the  respective  Secretaries 
have  set  up  a  five-member  Joint 
Research  and  Development  Board. 
Doctor  Vannevar  Bush,  former 
OSRD  head,  is  chairman;  Navy 
members  are  Assistant  Secretary 


Monday,  Nov.  11 

9:30  a.  m. — Technical  session;  Elec¬ 
tronic  Transducers,  by  H.  F.  Olson  of 
RCA  Laboratories ;  Some  Canadian  Tele¬ 
vision  Aspects,  by  G.  W.  Olive  of  Cana¬ 
dian  Broadcasting  Corp. ;  Television  at 
Bikini,  by  D.  G.  Fink  of  Electronics 
and  Captain  C.  L.  Engleman.  Electronics 
Coordinating  Officer  of  Operation  Cross¬ 
roads. 

2:00  p.  m. — Technical  session;  Televi¬ 
sion  Broadcasting  as  a  Pubiic  Service,  by 
R  F.  Guy  of  National  Broadcasting  Co. ; 
Color  Television,  by  P.  H.  Reedy  of 
Columbia  Broadcasting  System. 

8;  15  p.  m. — General  session;  Death 
Rays — Are  There  Such  Things-,  by  A.  F. 
Murray,  consulting  engineer. 

Tuesday,  Nov.  12 

9:30  a.  m. — Technical  session;  Tele¬ 
vision  Sound  Channel,  by  R.  B.  Dome  of 
General  Electric  Co. ;  Report  of  RMA 
Data  Bureau,  by  L.  C.  F.  Horle  of  RMA 
Data  Bureau ;  Some  New  Tube  Develop¬ 
ments,  by  M.  A.  Acheson  of  Sylvania 
Electric  Products  Inc. 

2:00  p.  m. — Technical  session ;  A  Com¬ 
parison  of  A-M  with  F-M  in  Broadcast¬ 
ing,  by  M.  G.  Nicholson  of  Colonial  Radio 
Corp. ;  A  New  Frequency-Modulated  Sig¬ 
nal  Generator,  by  D.  M.  Hill  of  Boonton 
Radio  Corp. 


New  RMA  Standards  for 
F-M  and  Television  Sets 

One  of  the  New  standards  adopted 
by  the  RMA  Engineering  Depart¬ 
ment  fixes  the  intermediate  fre¬ 
quency  for  vhf  broadcast  receivers 
at  10.7  megacycles.  This  will  apply 
to  all  f-m  receivers,  simplifying  the 
production  of  i-f  transformers  for 
these  sets  and  minimizing  the 
variety  of  testing  equipment  re¬ 
quired  in  production  and  servicing 
of  f-m  receivers. 

The  antenna-to-set  transmission 


RADIOTELEPHONE  FOR  COLORADO  RANCHERS 


Two-proagad  pol*  nipporta  Mporot*  Modiag  and  raoalviBg  oatgimos  ol  rural  rodlotalophon*  •qulpmoat  instoUad  at  ranch  oi 
Cacil  F.  Blackwaldar.  about  20  milM  from  ChoToaao  W^hb  Colorado.  Wind  gonorotor  unit  at  loft  snppUoo  oloctric  powor  for 
ranch  and  radio.  SoTOn  othor  ronchoo  in  this  oroo  hovo  boon  liakod  via  rodio  with  tho  notion's  tolophono  system  by  Mountain 
Stotos  Telephone  and  Telegraph  Co.  (See  p.  270  of  Toly  1946  ELECTRONICS  for  further  details) 
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LAVOIE  G200 


Harmonic  Frequency  Generator 


Now  you  con  obtcdn  precision  calibration  up  to 
and  beyond  2000  megacycles  oi  receivers  and  wave- 
meters  at  a  fraction  of  the  time  previously  required. 
Also,  by  means  of  a  Beat  Detector  built  into  the  in¬ 
strument  you  con  calibrate  oscillators  and  signal 
generators  with  equal  ease. 

The  C-200  Harmonic  Frequency  Generator  is  a 
secondary  frequency  stondoi^  designed  especially 
for  calibration  work  above  100  MC.  wiOi  on  accuracy 
of  .02%.  If  greater  accuracy  is  desired,  the  crystal 
may  be  supplied  with  temperature  controL 

The  output  voltage  is  supplied  at  a  UG  58/U..  50 
ohm  connector  with  output  coupling  controls  to  ob¬ 
tain  peak  performance  for  a  given  harmonic.  A  mil- 
liammeter  is  incorporated  in  the  instrument  to  facili¬ 
tate  easy  adjustment  of  the  output  controls.  The 
output  voltage  may  be  either  unmodulated,  or  modu¬ 
lated  with  400  C  J^.S.  internal  oscillator.  The  calibra¬ 
tor  provides  output  voltages  every  10  MC.  or  every 
40  MC.  This  selection  is  made  by  a  switch  on  the 
front  poneL  The  harmonic  voltage  is  in  the  order  of 


thousands  of  microvolts  for  each  harmonic  with  a 
value  of  approximately  50.000  microvolts  at  100  MC's 
and  1500  microvolts  at  1000  MC's.  • 

Provision  is  made  for  the  calibration  of  signal 
generators  and  oscillators  by  the  incorporation  of  a 
beat  frequency  detector  in  the  calibrator.  The  output 
of  this  beat  frequency  detector  may  be  monitored, 
either  aurally  or  visually  with  a  tuning  eye  indicator. 

To  facilitate  harmonic  identification,  frequency 
identifiers  can  be  supplied  for  any  harmonic  fre¬ 
quency  (multiple  of  10  MC)  between  100  and  1000 
MC.  The  identifier  is  adjusted  at  our  factory. 

The  C-200  Harmomc  Frequency  Generator  can 
be  used  to  calibrate  signal  generators,  receivers, 
transmitters,  wovemeters  and  oscillators.  It  provides 
a  fast  accurate  and  easy  method  of  calibrating  in 
10  or  40  MC  steps. 

This  instrument  is  supplied  with  accessories 
needed  for  its  operation,  including  tubes.  5  MC  crys¬ 
tal  output  coupling  coble  and  inst^ction  book.* 


U 

w  \ 


Write  for  Illustrated 
Dsscriptivs  Folder 


RADIO  ENGINEERS  AND  MANUFACTURERS 
MORGANVILLE.  N.  J. 


Specialists  in  the  Development  and  Manufacture  of  UHF  Equipment 
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Kenney  and  Admiral  Ramsey ;  Army 
members  are  General  Spaatz  for  the 
Air  Forces  and  General  Devers  for 
the  Ground  Forces.  Executive  Sec¬ 
retary,  with  offices  in  the  new  War 
Department  building  on  21st  St. 
in  Washington,  is  Dr.  L.  V.  Berk- 
ner. 

The  second  policy  in  General 
Eisenhower’s  memorandum  estab¬ 
lishing  the  War  Department  direc¬ 
torate  for  research  and  development 
is,  “Scientists  and  industrialists 
must  be  given  the  greatest  freedom 
to  carry  out  their  research.”  Inso¬ 
far  as  this  applies  to  the  attitude 
of  Army  personnel,  the  Research 
and  Development  division  headed 
by  Major  General  H.  S.  Aurand  will 
promote  this  program.  Within  the 
limits  of  present  laws  affecting 
government  contracts,  all  possible 
freedom  will  be  given  the  universi¬ 
ties,  industries,  and  foundations 
receiving  research  contracts,  and 
bills  permitting  full  freedom  have 
already  been  introduced  in  Cong¬ 
ress. 

Any  group  of  scientists  that  is 
uncertain  as  to  which  operating 
agency  would  be  able  to  profit  most 
from  their  efforts  in  military  re¬ 
search  and  development  work  is 
urged  to  contact  General  Aurand, 
Director,  Research  and  Develop¬ 
ment  Division,  War  Department 
General  Staff,  Washington,  D.  C. 


Flatt«a«d  c«ramic  tube  sup¬ 
ported  by  meted  strip  passing 
through  it  and  taldng  the 
rieeted  mounting  collars. 


Admiral  Bowen  Heads  New 
Office  of  Naval  Research 

Permanent  status  for  the  govern¬ 
ment’s  biggest  program  in  support 
of  fundamental  research  was 
achieved  with  the  passing  by  Con¬ 
gress  Aug.  1,  1946  of  Public  Law 
588  and  signing  by  President  Tru¬ 
man  on  Aug.  3,  creating  the  Office 
of  Naval  Research  to  succeed  the 
Office  of  Research  and  Inventions. 
The  new  ONR  will  carry  on,  in  ef¬ 
fect,  where  ORI  pioneered,  with 
essentially  the  same  objectives, 
staff,  and  general  organization. 
Vice  Admiral  Harold  G.  Bowen, 
USN  is  chief  of  the  new  Office,  and 
Rear  Admiral  Luis  de  Florez  is  as¬ 
sistant  chief. 

There  are  now  177  Naval  Re¬ 
search  contracts  in  force  with  81 
university,  private,  and  industrial 
research  laboratories  throughout 


Qaaroac*  for  No.  10  scrow. 
19/32"  roquirod  for  ooch 
stockod  unit,  with  adoquoto 
(dr  ipaco  botwoon  roolstors. 


'A  Tho  flot-typo  Sorios  ZT  Groonohms  aro  dosigned 
for  hemdy  stocking.  Two  or  moro  units  can  bo  banked. 
Connoctod  togothor  or  soparotely.  as  ro(iidro<L  Can 
edao  bo  usod  Indtriduolly  with  t(xll  mounting  collars 
hooping  resistor  clear  of  mounting  surface.  Adociuote 
spo^g  for  odr  tirculotion  (md  maximum  hoot  rodia- 
tion.  Just  the  thing  for  those  compact  hoory-duty. 
troublo-froo  assemblies. 


ATcdloblo  in  standard  30,  40, 
55,  85  and  75  watt  ratings. 
Resistance  Tcdnos  of  10,000, 
20,000,  35,000,  50,000  and 
50,000  ohms,  rospoetlToly. 


Those  wire-wound  roMstors 
oro  co(rtod  with  the  fennons 
Qarostot  cold-sotting  inor- 
gende  Groonohm  cwnont 
W(m‘t  chip,  fl(dM  or  crock. 


Interested?  Write  for  Bullettn  No.  113  de¬ 
scribing  these  flat-type  Greenohms  and 
ottier  types  of  power  resistors.  Also  submit 
your  resistemce  problem  or  requirements. 
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Wilmotte  “Visi- Limit” 
Eiectronic  Micrometer 

An  important  advance  in  the  field 
of  measurement.  Manufactured  for 
direct  installation  on  the  produc¬ 
tion  line  for  continuous  inaication 
of  outside  diameter  of  wire,  tubing 
or  rod,  edge-to-edge  dimensions 
on  machined  or  extruded  parts, 
strip  stock,  thickness  of  sheets. 

Size  range  of  standard  unit  is 
,005"  to  .600"  in  diameter.  Items 
of  other  sizes  can  be  accepted 
through  special  design.  Tolerance 
limits  are  -I-  or  —  .0002"  without 


MEASURING 
HEAD 


OSCILLOSCOPE 


physical  contact  with  the  part  be¬ 
ing  measured.  No  limitations  of 
speed  of  operation  are  imposed, 
nor  are  there  any  inaccuracies  due 
to  deformation  of  the  part. 

The  “scope”  screen  presents,  as 
three  parallel  lines,  the  desired 
tolerance  requirements  (A  and  C) 
with  the  measured  quantity  (B). 
No  error  is  introduced  by  line 
voltage  fluctuations  or  circuit 
changes  since  all  three  traces 
maintain  their  relative  positions. 

•PHOTOCELL  PICK  UP 


Wilmotte  “Visi-Limit”  Curve  Tracer 


For  rapid  alignment  of  I.F.  coils 
of  frequencies  from  85  kc  to  11 
me.  Operator  adjusts  test  trace 
(B)  to  fall  between  traces  of 
limit  coils  (A  and  C),  set  up 
to  production  specifications. 
Defective  coils  immediately 
detected.  All  error  is  eliminated 
as  circuit  changes  or  line  voltage 


variations  affect  all  three  traces 
equally. 

Standard  equipment  includes 
one  plug-in  oscillator  assembly  at 
fremiency  specified  by  purchaser, 
ana  jigs  for  limit  and  test  coils 
having  “pig  tail”  leads.  Jigs  for 
special  applications  furnished 
to  purchaser’s  specifications. 


These  industrial  electronic  devices,  as  w'ell  as  the 

WILMOTTE  PULSE  GENERATOR,  MODEL  P54 

irj/f  be  demonstrated  at  the 

NATIONAL  ELECTRONICS  CONFERENCE 

We  anticipate  with  pleasure  the  opportunity  of 
meeting  you  at  this  conference. 


Edgewater  Beach  Hotel 

CHICAGO.  ILL 

OCT.  3-5.  1946 
BOOTH  NO.  60 


WILMOTTE  MANUFACTURING  COMPANY 

1713  KALORAMA  ROAD,  N.  W. 

WASHINGTON  9.  D.  C. 

laboratories  -  KATMOND  M.  wilmotte  INC.,  NEW  YORK.  23t  W.  SSrm  ST.  -  WASBINGTON,  J9S9*  CHURCH  ST..  N.  W. 
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ELECTRONIC  REGUUTED 
POWER  SUPPLIES 


cy 


IMMEDIATE 
DELIVERY 

Sp9eHicaflon$: 

Input:  115  V.  50-60  cycU. 

Regulation:  Less  than  l/IO  volt  change  in  output  voltage  with  change  of  from 
85  to  145  VA.C.  input  voltage  and  from  NO  LOAD  to  FULL  LOAD  (over 
very  wide  latitude  at  center  of  variable  range). 

Ripple:  Less  than  5  millivolts  at  all  loads  and  voltages. 

Fih  any  standard  19"  rack  or  cabinet. 

TYPE  A:  Variable  from  210  to  330  V.D.C.  at  400  M.A. 

TYPE  B:  Variable  from  535  to  915  V.D.C.  at  125  M.A. 

Designed  by  one  of  the  foremost  electronic  communication  laboratories  in  the  coun¬ 
try;  constructed  by  its  equally  noted  associate  company;  and  built  for  the  U.S.  Army 
as  Power  Supply  RA-57-A  to  bo  used  in  conjunction  with  the  microwave  RADAR 

set  SCR  547.  Equipment  was  never  used  and  was  obtained  in  their  original  packing 

crates. 

Adapted  to  civilian  use  by  mounting  on  I2l/|''  *  1 panel,  black  crackle  finish, 
and  installing  milliammeters,  voltmeters,  fuses,  switches,  pilot  lights,  terminals, 
power  cords,  and  all  other  necessary  auxiliary  items. 

Construction  Features: 

Weston  Model  301  (or  equal)  Milliammeter  and  Voltmeter. 

Separate  switches,  pilot  lights,  and  fuses  for  FILAMENT  AND  PLATE  VOLTS. 
All  tubes  located  on  shockmount  assemblies. 

Fuses  mounted  on  front  panel  and  easily  accessible. 

Can  vary  voltage  by  turning  small  knob  located  on  front  of  panel. 

Can  easily  modify  unit  from  positive  to  negative  output  voltage  by  changing 
four  leads. 

All  individual  components  numbered  to  correspond  with  numbers  on  wiring 
diagram. 

Rigid  Construction:  Individual  components  were  designed  to  withstand  the 
most  severe  military  conditions — both  physical  and  electrical— and  were 
greatly  under-rated. 

Tube  complement.  Type  A:  2-836;  6-6L6;  2-6SF5;  I-VRI50;  I-VRI05 
Type  B:  2-836;  2-6L6;  2-6SF5;  I-VRI50;  I-VRIOS 

Ovcroll  dimeMioMs:  19"  wid*.  UVa"  high.  11"  dmmp. 

N«t  weight:  80  peaads.  Sklppiag  weight:  95  poaedt. 

Some  of  the  current  users  of  these  power  supplies  include  nationally  known  electronic 
and  communications  measurement  laboratories;  aircraft,  metallurgical  and  chemical 
research  labs;  technical  schools;  commercial  radio,  F.M.  and  television  stations; 
amateurs;  civilian  RADAR  installations;  etc. 

All  units  chuckud  and  inspected  at  150%  rated  load  before  shipment, 

NiT  PRICE:  Type  A:  $175.00;  Type  R:  $148.00  P.O.I.  Baltinore 

Prices  sebfect  to  choege  witbeet  eetice 

NATIONAL  RADIO  SERVICE  CO. 


ReUterstowe  Rd.  A  Cold  Sprieg  Loee 


laltiflMre  15.  Md. 


NEWS  OF  THE  INDUSTRY  (continued) 

the  United  States.  The  bulk  of  the 
work  is  conducted  by  civilian  scien¬ 
tists,  and  customary  publication 
takes  place  in  scientific  journals. 

The  head  of  ONR  will  serve  as 
the  principal  representative  of  the 
Navy  department  in  research  deal¬ 
ings  of  Navy-wide  interest  with 
other  government  agencies,  corpo¬ 
rations,  and  research  organizations. 
Planning  and  coordination  of  Naval 
researrh  will  be  aided  by  a  civilian 
committee  know’n  as  the  Naval  Re¬ 
search  Advisorv  Council,  consisting 
of  not  more  than  15  persons  to  be 
appointed  by  the  Secretary  from 
those  persons  in  civilian  life  who 
are  preeminent  in  the  fields  of  sci¬ 
ence,  research,  and  development 
work. 

A  total  of  $45,000,000  was  ap¬ 
propriated  to  the  Nav>’  Department 
for  fundamental  research  initiated 
by  ORI  during  the  fiscal  year  1947 
in  nuclear  physics,  medicine,  phys¬ 
ics,  chemistry,  mathematics,  mete¬ 
orology,  and  applied  research,  as 
well  as  coordination  with  the  rest 
of  the  Navy  on  projects  dealing 
with  power,  guided  missiles,  air, 
subsurface,  and  surface  w’arfare. 


Books  for  China 

Contributions  of  scientific  and 
technical  books  and  journals  for 
Chinese  universities  and  schools 
may  be  shipped  bv  freight  collect  to 
Dr.  C.  D.  Shia,  National  Resources 
Commission  of  China.  Ill  Broad¬ 
way,  New  York  6,  N.  Y.  For  over 
nine  years  practically  no  technical 
books  have  been  received  in  China, 
so  that  anything  having  reference 
value  in  the  various  fields  of  science 
and  technology  is  badly  needed. 


NAB  Session  on  F'-M 

Panel  members  for  the  special 
session  on  frequency-modulation 
broadcasting  scheduled  for  the  aft¬ 
ernoon  of  Oct.  21  at  the  National 
Association  of  Broadcasters’  an¬ 
nual  convention  in  Chicago  include 
Charles  R.  Denny,  acting  chairman 
of  the  Federal  Communications 
Commission,  who  will  discuss  the 
Commission’s  policy  concerning 
f-m  allocations;  Lester  H.  Nafzger, 
general  manager  of  f-m  station 
WELD  in  Columbus,  Ohio,  who 
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THE  BECKMAN  HELIPOT  hat  the  tame  coil  diameter,  yet 
givet  up  to  46"  (3600°)*  of  potentiometer  tiide  wire  con> 
trol— nearly  TWELVE  timet  at  much  I 


CONVENTIONAL  POTENTIOMETERS  have  a  coil  diameter 
of  approximately  116"  and  provide  only  4"  (about  300°) 
of  potentiometer  tiide  wire  control. 


advantages 


Cutaway  view  of  the  Helipat 


Extensively  used  on  precision  electronic  equipment 
during  the  war,  the  Helipot  is  now  being  widely  adopted 
hy  manufacturers  of  quality  electronic  equipment  to  increase  the 
accuracy,  convenience  and  utility  of  their  instruments.  The  Helipot 
{>ermits  much  finer  adjustment  of  circuits  and  greater  accuracy  in 
resistance  control.  It  permits  simplifying  controls  and  eliminating 
extra  knohs.  Its  low-torque  characteristics  (only  one  inch-ounce 
starting  torcpie*,  running  torque  even  less)  make  the  Helipot  ideal 
for  power-driven  operations.  Servo  mechanisms,  etc. 

And  one  of  the  most  important  Helipot  advantages  is  its 
unusually  accurate  linearity.  The  Helipot  tolerance  for  deviations 
from  true  linearity  is  normally  held  to  within  +0.5%,  while  pre¬ 
cision  units  are  available  tvith  tolerances  held  to  0.1%.  .05%,  and 
even  less  — an  accuracy  heretofore  obtainable  only  in  costly  and. 
delicate  laboratory  apparatus. 

The  Helipot  is  available  in  a  wide  range  of  types  and  resis¬ 
tances  to  meet  the  requirements  of  many  applications,  and  its 
versatile  design  permits  ready  adaptation  of  a  variety  of  special 
features,  as  may  be  called  for  in  meeting  new  problems  of  resis¬ 
tance  control.  Let  us  study  your  potentiometer-rheostat  problem 
and  make  recommendations  on  the  application  of  Helipot  advan* 
tages  to  your  equipment.  No  obligation  of  course.  Write  today. 


^HELIPOTS  ARE  AVA'iLAILE  IN  J  STANDARD  SIZES: 

^TPI  A— 5  watts,  incorporating  10  helical  turns  and  a  slide  wire  length  of  46 
inches,  cose  diameter  1%",  is  available  with  resistonce  values  from  25  ohms 
to  30,000  ohms. 

^TPI  1—10  watts,  with  15  helical  turns  and  140"  slide  wire,  case  diameter 
3!4",  is  available  with  resistance  values  from  100  ohms  to  100,000  ohms. 
type  e-2  watts,  with  3  helical  turns  and  13V6"  slide  wire,  case  diameter 
available  in  resistances  from  5  ohms  to  10,000  ohms, 
the  Type  B  is  olso  available  in  special  sizes  of  25  and  40  helical  turns,  with 
resistances  ranging  from  500  ohms  to  300,000  ohms,  and  containing  more 
than  100,000  change-of-resistance  steps. 

’Data  above  is  for  the  standard  Type  A  unit. 


Sand  for  lha  Naw  Hallpot  Beeklatl 
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Frofli  out  of 
the  west . . . 
ilnierica’s 
finest 

transforniers 


Plugs  into  your  lighting  circuit . . . 
speeds  assembly  ofsmall  non>ferrous 
parts . . .  gives  you  these  plus  values: 
REAL  PRODUCTION  MACHINE  built 
for  high-speed  operation. 
ALL-ELECTRONIC . . .  easy  and  econom¬ 
ical  to  operate. 

AUTOMATICALLY  suppUes  selected 
weld  energy,  re  w^ess  of  variations 
in  line  potentiaL 


ACCURATE  CONTROL  of  charging 
voltage  maintained. 

ANY  TYPE  ELECTRODES  can  be  used 
. . .  welding  head,  tongs  or  gun. 
USES  STANDARD  TUBES  as  furnished 
by  any  supplier. 

TWO  COMPACT  BENCH  MODELS  .  .  . 

the  Miniaturt,  capacity  adjusuble  to 
14,  28  or  56  MrD;  the  Freshman, 
capacity  range  50, 100  or  200  MFD. 


RAYTHEON  MANUFACTURING  COMPANY 
Industrial 'Electronics  Division,  Waltham  54,  Mass. 
Sales  Offices:  Atlanta  •  Boston  •  Chicago  •  Cleveland 
Louisv.ille  •  New  York 


RAYTHEON 


Wn  /tt 


Thermador  is  a  name 
remembered  when  the  ut¬ 
most  in  transformer  qual¬ 
ity  is  desired,  and  when 
exceptional  engineering 
skill  is  required. 


**S«V«||  Lmohm  AlMod" 

THERMADOR 

THERMADOR  ELECTRICAL  MFC.  CO 

5119  District  DM  .  Ik  AaftlK  77.  CatiteruM 
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These  books  will  furnish  the  authoritative  information  necessary  to 
keep  abreast  of  present-day  scientific  progress  in  Communications — 
Electronics.  Look  over  the  important  titles  listed  below.  Then  make 
your  selection  and  order  from  the  coupon  today. 

ELECTRON  OPTICS 
AND  THE  ELECTRON  MICROSCOPE 


(1946) 


By  V.  K.  ZWORYKIN,  G.  A.  MORTON, 

E.  G.  RAMBERG,  J.  HILLIER,  A.  W.  VANCE 
747  Pages 


$10.00 


The  new  comprehensive  guide  to  the  electron  microscope  in  all  its  phases.  It 
is  designed  to  aid  the  electron  microscopist  in  understanding  his  instrument  and 
in  using  it  to  greatest  advantage,  and  to  present  the  practical  and  theoretical 
knowledge  which  must  form  the  basis  for  further  progress  in  electron  microscope 
design. 


news  of  the  industry  (continued) 

will  discuss  station  promotion 
and  program  sources ;  W.  R. 
G.  Baker,  vice-president  of  General 
Electric  Co.,  who  will  discuss  the 
transmitter  and  receiver  situation; 
T.  A.  M.  Craven,  vice-president  in 
charge  of  engineering  for  the 
Cowles  stations,  who  will  cover  the 
subject  of  technical  operations  for 
f-m  stations;  Walter  J.  Damm, 
chairman  of  the  NAB  f-m  executive 
committee  and  president  of  FM 
Broadcasters,  Inc.,  who  will  preside 
and  answer  questions  concerning 
managerial  and  operational  aspects 
of  f-m  broadcasting. 

Electronics  Conference 

The  Final  Program  of  the  Na¬ 
tional  Electronics  Conference,  to  be 
held  Oct.  3,  4,  and  5  at  the  Edge- 
water  Beach  Hotel,  Chicago,  lists 
the  following  papers  in  addition  to 
those  given  in  the  tentative  pro¬ 
gram  on  page  270  of  the  August 
1946  issue  of  ELECTRONICS : 


HIGH  VACUUM  TECHNIQUE 

2nd  Edition 

By  J.  YARWOOD 

(1946)  140  Pages  $2.75 

Presents  the  theoretical  and  technical  data  essoitlal 
for  an  understanding  of  high  vacuum  work,  including 
latest  developments  in  apparatus,  important  individual 
processes,  and  facts  regarding  the  properties  and  uses 
of  materials  oicountered  in  all  types  of  vacuum  work. 


FUNDAMENTALS  OF 
ELECTRIC  WAVES 

By  HUGH  H.  SKILLING 

(1942)  186  Pages  $3.00 

Discus-ses  the  principles  of  wave  action  as  allied  to 
engineering  practice,  with  particular  emphasis  on  the 
basic  idea.s  of  Maxwell’s  equations  and  repeated  use 
in  simple  examples ;  also  on  physical  concepts  and 
mathematical  rigor. 


J.  O.  McNalley  and  W.  G.  Shepherd  of 
Bell  Telephone  Laboratories — Reflex  Oscil¬ 
lators  for  Radar  Systems. 

C.  J.  Marshall  of  Wright  Field  and  Leon¬ 
hard  Kata  of  Raytheon  Mfe.  Co. — Televi¬ 
sion  Equipment  for  Guided  Missiles. 

Wm.  R.  Rambo  of  Airborne  Instruments 
Laboratories— Frequency  Modulation  of 
High-Frequency  Power  Oscillators. 

K.  W.  Jarvis,  Consulting  Engineer — Sig¬ 
nal  Systems  for  Improving  Railroad  Safety. 

A.  L.  Samuel  of  University  of  Illinois — 
An  Oscillographic  Method  of  Presenting 
Impedances  on  the  Reflection  Coefficient 
Plane. 

R.  G.  E.  Hutter  of  Sylvania  Products — 
Electron  Optics  of  Deflection  Fields. 

With  a  total  of  63  papers  sched¬ 
uled  for  the  three  days,  adequate 
time  for  each  paper  is  being 
achieved  by  having  five  sessions 
running  concurrently  for  Thurs¬ 
day  and  Friday  technical  sessions 
and  four  concurrently  on  Saturday 
morning.  The  time  schedule  for  the 
19  groups  of  papers  and  the  other 
events  of  the  conference  is  given 
below. 


Thursday,  Oct.  S 

9:00  a.  m. — Registration. 

10:15  a.  m. — General  meeting,  with  J.  E. 
Hobson,  chairman  of  board  of  directors  of 
the  National  Electronics  Conference,  as 
^airman ;  address  of  welcome  by  H.  T. 
Heald,  president  of  Illinois  Institute  of 
Technology;  speaker  is  E.  U.  Condon,  direc¬ 
tor  of  National  Bureau  of  Standards. 

12:16  p.  m. — Luncheon  meeting,  with  O. 
W.  Eshbach,  dean  of  Technolo^eal  Insti¬ 
tute  of  Northwestern  University,  as  chair- 
ra»n;  speaker  is  F.  L.  Hovde,  president  of 
Purdue  University. 

2j90  p.  m. — Technical  session ;  1 — TELE¬ 
VISION  (part  A),  with  J.  B.  Brown  of 
Z«lth  Radio  Corn,  as  chairman:  2— AN¬ 
TENNAS  AND  WAVE  PROPAGATION 
^ert  A),  with  R.  K.  Honaman  of  Beli 
Telephone  Laboratories  as  chairman ;  h— 
INFRARED  AND  MICROWAVE  SYS¬ 
TEMS;  4— SPFfTROSCOPY  AND  MED¬ 
ICAL  APPLICATIONS,  with  H.  J.  Holm- 
qulst  of  General  Electric  X-Ray  Co.  and 
Northwestern  University  as  chairman;  6— 


PRINCIPLES  OF  INDUSTRIAL 
PROCESS  CONTROL 

By  DONALD  P.  ECKMAN 
(1945)  237  Pages  $3.75 

A  thorough  and  comprehensive  treatment  of  the  princi¬ 
ples  governing  automatic  control,  emphasizing  the  basic 
principles  necessary  for  industrial  instrumentation.  In¬ 
cludes  present-day  information  on  measuring  character¬ 
istics  of  controllers,  process  load  changes,  multiple 
control  systems. 

PRINCIPLES  OF  RADIO 

Fifth  Edition 

By  KEITH  HENNEY 

(1945)  534  Pages  $3.75 

Offers  a  working  knowledge  of  the  basic  principles  of 
radio  communications.  Starts  with  the  fimdamental 
principles  of  electricity,  and  gradually  develops  the 
subject  of  radio  practice.  Thoroughly  revl.sed  to  in¬ 
clude  recent  developments  and  future  methods. 

FIELDS  AND  WAVES 
IN  MODERN  RADIO 

By  SIMON  RAMO  and  JOHN  R.  WHINNERY 

(1944)  503  Pages  $5.50 

An  authoritative  coverage  of  the  field,  requiring  only 
a  baAc  knowledge  of  elementary  calculus  and  physics. 
Gives  a  rigorous  account  of  the  technique  of  applying 
field  and  wave  theory  to  the  solution  of  modern  radio 
problems. 

HYPER  AND  ULTRA-HIGH 
FREQUENCY  ENGINEERING 

By  ROBERT  I.  SARBACHER  and 
WILLIAM  A.  EDSON 

(1943  )  644  Pages  $6.00 

A  practical  treatment  of  an  important  new  branch  of 

(Vtmmunications  engineering,  requiring  no  special  ad¬ 
vanced  knowledge.  Of  value  to  the  beginner,  as  well 
as  to  those  having  some  familiarity  with  the  subject. 


APPLIED  ELECTRONICS 

By  the  Electrical  Engineering  Staff,  Massachu¬ 
setts  Institute  of  Technology 
(1943)  772  Pages  $6.50 

Provides  a  thorough  understanding  of  the  characteris¬ 
tics.  ratings,  and  applicability  of  electronic  devices. 
Gives  a  working  knowledge  of  the  physical  phenomena 
involved  in  electronic  conduction,  plus  lu  applications 
common  to  various  branches  of  engineering. 

PRINCIPLES  OF 
ELECTRONICS 

By  ROYCE  G.  KLOEFFLER 
(1942)  175  Pages  $2.75 

Tells  clearly  and  simply  the  story  of  electron  theory 
and  the  operation  of  the  electron  tube.  Beginning  with 
the  discovery  of  the  electron  and  the  forces  of  attrac¬ 
tion  and  repuLslon  of  charged  i^articles,  the  entire 
action  taking  place  in  electronic  devices  is  carefully 
explained. 

HIGH  FREQUENCY 
THERMIONIC  TUBES 

By  A.  F.  HARVEY 

(1943)  244  Pages  $3.50 

Gives  the  details  of  these  important  tubes  and 
describes  the  experimental  work  that  has  been  dmie 
with  them.  Presents  a  thoroughly  comprehenalve  ac¬ 
count  of  the  properties  of  thermionic  tubes  at  ve^ 
high  frequencies  and  their  relation  to  those  of  the 
associated  electric  circuits. 

TIME  BASES  (Scanning  Generators) 

By  O.  S.  PUCKLE 

(1943)  204  Pages  $3.00 

Covers  the  subject  from  both  the  design  and  the 
development  points  of  view;  assembles  more  time  bases 
circuits  thsn  have  heretofore  been  available  In  one 
volume. 


JOHN  WILEY  &  SONS,  Inc.,  440  Fourth  Avo..  New  York  U.  N.  Y. 


ON  APPROVAL  COUPON 

JOHN  WILEY  ft  SONS.  Inc. 

440  FoarRi  Av«..  Now  York  U.  N.  Y. 

Please  send  me  on  ten  days’  approval  the  books  I  have  checked  in  this  advertis^ent 
(or  I  am  attaching  to  this  coupon  a  separate  list  of  the  books  desired).  At  the  end  of  that 
time,  if  I  decide  to  keep  the  books,  I  will  remit  indicated  price  plus  postage;  otherwise 
I  will  return  the  books  postpaid. 

Name  . 

Address  . 

City  and  State . 

Employed  by  . E-10-46 
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STOKES 


JERSEY  CITY  7.  N.  J 


337  CENTRAL  AVE 


The  high  magnetic  performance,  exceptional  Q  and  high 
permeability  assured  by  Mepham  magnetic  iron  powders 
(hydrogen  reduced)  is  daily  advancing  them  into  wider  use 
in  high-frequency,  tele-communication  and  magnetic  appli¬ 
cations. ...  Strictly  controlled  production  and  attractively 
low  prices  suggest  consultation  with  the  Mepham  Technical 
Staff. ...  No  obligation. . . .  Send  for  literafure, 

G.  S.  MEPHAM  CORPORATION 

Egtablished  1902  •  •  East  St.  Louis,  Illinois 


•  Higher  Vacuum  (in  the 
low  micron  range) 

•  High  volumetric  efficiency 

•  Low  pxjwer  requirement 

•  Complete  discharge  of  air 
— no  re-expansion 

•  Continuous  dehydration 
of  oil — no  moisture  to  re¬ 
evaporate. 

•  Discharges  sudden  slugs 
of  liquid  without  injury 

•  Easily  accessible,  non-cor¬ 
rosive  discharge  valve 

•  Rugged,  compact,  simple 
construction 

•  Long  life  .  .  .  neghgible 
maintenance 

•  Five  sizes — from  10  to  235 
cu.  ft.  per  min. 


Woys^lcwrofe 


’’Midget"  model 
i$  espedoHy  de- 
tigited  lor  crowd¬ 
ed  opporotin  or 
portable  eqwip- 


•  Solid  tilvor  contocta  oiid  tioinlost  silvor 
olloy  wipor  cwms. 

•  Rotor  hub  pinnod  to  thafl  provonte  wo. 
oulhoriiod  tamporfcig  ond  koopt  wipor 
armt  in  porfod  odiutfnionf. 

•  Con  bo  fumbbod  in  nny  pmctkol 
impodonco  and  db.  lots  por  slop  upon 
roquost. 

•  TECH  IASS  con  furnish  m  unit  for  ovory 
purpose. 

•  Writo  for  bullotin  No.  431. 


*  Roquirs  no  calibration 

*  Rapid  readings 

*  Simple  to  operate — iust  tip  and 
road 

*  Two  models  (AA)  0  to  SOOO  mi¬ 
crons — (BB)  0  to  700  microns,  with 
readings  to  1/10  micron. 

F.  J.  STOKES  MACHINE  CO. 

6044  Tabor  Rood  NiilodolpMo  20,  Ro. 


STANDARD 

TYPE 

700 


Ocfolbf,  194^^  ELECTRONICS 
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RADIO 

PARTS 

ELECTRONIC 


Hundreds  of 
RADIO  and 
ELECTRONIC 
NEEDS- Including: 

METERS  •  CONDENSERS 
RESISTORS  •  TESTERS 
TRANSFORMERS  •  TOOLS 
SPEAKERS  •  AMPLIFIERS 
HAM  RECEIVERS!  GEAR 
PHONOGRAPHS 
RECORD  CHANGERS 
ANTENNAS  (AUTOf 
SWITCHES  •  RELAYS 


Nationally- Known 
Makes-Including: 

SHORE  •  ASTATIC 
CORNELL-OUBILIER 
ICA  •  DUMONT 
SUPREME  •  TRIPLETT 
G.  E.  •  WEBSTER 
PRESTO  •  AUDIOOISCS 
GARRARD  •  THORENS 
CRESCENT  •  SOLAR 
MALLORY  •  R.C.A. 


RADIO  CORPORATION 

LAFAYETTE  RADIO  CORPORATION 

CHICAGO  7  ATLANTA  3 

901  W,  Jackson  BNd.  265  Peachtrrc  Street 


(continuod) 


N'orthwestern  University  as  chairman  ;  5 — 
INDUSTRIAL  APPLICATIONS,  with  W. 
Richter  of  Allls-Chalmers  Co.  as  chairman. 

7:00  p.  m. — Banquet,  floor  show,  and 
dancing  in  Marine  Dining  Roum  of  Edge- 
water  Beach  Hotel ;  informal,  with  ladies 
invited. 

Friday,  Oct.  4 


a.  m. — Technical  session;  6 — TELE¬ 
VISION  (part  B),  with  D.  E.  Poster,  con¬ 
sulting  engine«*r.  as  chairman;  7 — AIR- 
VAVIOATION  systems,  with  C.  A.  Petry 
of  United  Air  Lines  as  chairman;  ^ 
theoretical  DEVELOPMENTS;  IT- 
ELECTRONIC  INSTRUMENTATION  (part 
\i  with  J.  Ryder  of  Iowa  State  College  as 
chairman;  10— INDUCTION  AND  DIE- 

I. ECTRIC  HEATING,  with  J.  Callanan  of 
Illinois  Tool  Works  as  chairman. 

12:1.'*  p.  ni. — Luncheon  meeting,  with  W. 
o.  Swinyard,  president  of  the  National 
Electronics  Conference,  as  chairman: 
speaker  is  C.  G.  Suits,  vice-president  of 
General  Electric  Co. 

2  :(M>  p.  in. — Technical  session:  11 — AN¬ 
TENNAS  AND  WAVE  PROPAGATION 
(part  Hi.  with  W.  L.  Kveritt  of  University 
of  Illinois  as  cliairman  ;  12 — RADIO  RELAY 
SYSTEMS,  witli  C.  W.  Hansell  of  RCA  as 
chairman;  13  FREQUENCY  MODULA- 
TIOX.  with  D.  E.  Noble  of  Galvin  Mfg.  Co. 
as  chairman:  14— ELECTRONIC  INSTRU¬ 
MENTATION  (part  B),  with  J.  A.  M,  Lyon 
of  Northwestern  University  as  chairman ; 
15-RECORDlN<;  AND  FACSIMILE,  with 
R.  Glover,  consnltlng  engineer,  as  chair¬ 
man. 

8:00  p.  in. — Demonstration  lecture  (joint 
meeting  with  Chicago  sections  of  AIEE  and 
IRET.  with  W.  Graf,  chairman  of  IRE 
Chicago  sei-tion,  as  chairman;  speaker  is 

J.  O.  Perrlne,  assistant  vice-president  of 
Bell  Telephone  Laboratories. 

Saturday,  Oct.  5 

9:00  a.  m. — Technical  session:  1(5~ 
MICROWAVE  GENERATORS,  with  R. 
Samoelson  of  Hallicrafters  Co.  as  chair¬ 
man;  17— MOBILE  RADIO  COMMUNICA¬ 
TION,  with  Ross  Herrick  of  Lorain  Tele¬ 
phone  Co.  as  chairman;  18 — ELECTRONIC 
INSTPCMENTAT’OX  (part  (')  :  19— 

V'  Cvi^AR  PHYSICS. 

Papers  presented  at  the  Confer¬ 
ence  will  be  made  available  in  con¬ 
veniently  bound  printed  form  as  a 
transcription  of  current  achieve¬ 
ments  in  various  fields  of  electronic 
developments.  Copies  may  be  or¬ 
dered  from  E.  H.  Schultz,  Secretary, 
National  Electronics  Conference, 
Technology  Center,  Chicago  16, 
Illinois  at  $3.50  each. 

Recent  electronic  developments 
will  be  on  display  in  exhibits  by 
various  manufacturers  in  the  lounge 
and  conservatorv  of  the  hotel. 


Hundreds  of  Bargains! 
Scores  of  Now  items! 


Ready  now!  8  giant-size  pages  packed  with 
long-awaited  Radio  and  Electronic  Parts, 
Supplies  and  Equipment — new  merchandise, 
just  received — now’  in  stock  for  IMMEDIATE 
SHIPMENT!  See  hundreds  of  items  for  every 
Radio  and  Electronic  need — for  building, 
repair,  maintenance — for  engineer,  manufac¬ 
turer,  service  man,  amateur.  Top-quality, 
standard-made  parts  (see  partial  list  at  left). 
Includes  many  new  and  scarce  items — scores 
of  money-saving  bargains — all  ready  for  ship¬ 
ment  at  once  from  CHICAGO  or  ATLANTA. 
Mail  the  coupon  below  TODAY  for  your 
FREE  copy  of  the  new’  CONCORD  Bulletin. 


Set  Protluetion  Figuren 


Showing  the  lait&i  anJ  greatest  selection 
of  guaranteed  quality  Radio  Sets,  Phono- 
Radios,  Radio  Parts,  Supplies,  Equip¬ 
ment.  Amateur  Gear,  Kits — plus  the  new 
Multiamp  Add-A-L’nit  Amplifiers  — 
exclusive  with  CONCORD.  If  vou  do  not 
have  the  new  COMPLETE  CONCORD 
Catalog,  check  coupon  below. 


Eight  Million  Radio  sets  were 
produced  in  the  twelve-month  pe¬ 
riod  following  VJ  day,  according 
to  an  RMA  announcement.  This 
constituted  60  percent  of  produc¬ 
tion  in  the  last  prewar  year,  1941, 
when  nearly  14,000,000  radio  re¬ 
ceivers  were  manufactured. 

July  production  of  1,061,863 
sets  by  RMA-member  companies 
slightly  exceeded  the  record-break¬ 
ing  figures  for  June,  despite  the 
long  July  Fourth  holiday  and  the 


CONCORD  RADIO  CORPORATION 
901 W.  Jackson  BIvd.,Dcpt  G 106,  Chicago  7.  Ill 
Please  rush  my  FREE  COPY  of  the 
new  Concord  Bulletin  of  Radio  Pans. 
□  (Qieck  if  you  also  want  new  Complete 
Concord  Radio  Catalog), 


Sam* 
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SLIP-RING  AND  COMMUTATOR  BRUSHES  AND  CONTACTS 


The 
tratiol 
000  se 
June 
to  be 
parts, 
pacito 


Special  -  purpose  transmitting  an¬ 
tennas  designed  for  volume  pro- 
duction  to  your  own  specifications. 
Collapsible  — -  sectional  —  direc¬ 
tion  finding  —  radar  and  coaxial 
type.  All  sizes,  lengths  and  ma¬ 
terials.  Consult  us  on  your  needs. 


Mak«  pleased  customers  and 
bigger  profits  .  .  .  ask  your 
distributor  for  BRACH  Puratone 
ANTENNAS. 


WORLD'S  OLDEST  AND  UROEST  MANUFACTURUS  OF  RADIQ  ANTENNAS  AND  ACCESSORIES. 


Screws  .  .  .  nuts  .  .  .  washers  . . . 
pins . . .  Allznetal  carries  the  largest 
stock  in  the  country  of  stainless 
steel  fasteners  and  screw  machine 
ports.  We  also  hare  facilities  for 
heading,  tapping,  drilling,  ream* 
ing.  slotting,  turning,  stamping, 
broaching  and  centerless  grindisig 
.  .  .  and  we  work  not  o^y  with 
stainless  and  monel,  but  also  with 
duralumin,  aluminum,  brass, 
bronze,  or  any  other  non-cozroshre 
metaL  All  parts  produced  to  close 
tolerances.  Write  for  opr  catalog 
today.  Allmetal  Screw  Products 
Cow  33  Greene  SL,  New  Yoriu 


An  Invitation  to  All  Electrical  Designers  to 


TRY  SILVER  GRAPHALLOY 


Send  for 

FREE  CATALOG 


fOR  BRUSHES  FOR  CONTACTS 

High  current  density,  low  contact  drop,  low  Low  contact  resistance  and  non-welding 
electrical  noise,  and  self-lubrication  ore  when  breaking  surge  currents  are  inherent 
characteristics  of  this  silver-impregnated  properties  of  this  unique  combination  of 
molded  graphite  that  may  be  the  answer  conductive  silver  ond  self-lubricating 
to  your  electrical  brush  problems  graphite 

SAMPLES  of  Silvor  Graphalhy  will  be  gladly  furnishod  for  tost  on  your  applications. 
Silvor  Grapholloy  is  usually  silvor  plotod  to  pormit  oasy  soldoring  to  loaf 
springs  or  holdors.  Why  not  WRITE  NOW  for  your  tost  somplos? 


Thie  new.  fS-poga 
catalog  helps  yea  se¬ 
lect  the  correct  Aw 
and  type  el  nea-eoc- 
rosive  fastening  de¬ 
vice  for  any  pornealar 
job.  IncluoM  stede 
sises.  specials  (hot 
con  be  made,  eng^ 
neering  data,  etc. 
Make  request  on  c«a» 
pony  letterhead. 
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news  of  the  industry  (continuad) 

abrupt  ending  of  OPA  controls. 
Production  of  f-m  sets  in  July  rose 
slightly,  to  19,642  sets,  while  110,- 
375  auto  radios,  41  television  sets, 
770,633  table  models,  71,500  con¬ 
soles  and  combinations,  and  152,165 
table  and  portable  battery  seta  were 
reported. 

The  Civilian  Production  Adminis¬ 
tration  estimate  for  July  is  1,330,- 
000  sets,  or  3  percent  less  than  their 
June  figure.  Production  continues 
to  be  retarded  by  shortages  of 
parts,  particularly  tubes,  gang  ca¬ 
pacitors,  and  wood  cabinets. 

A  new  peak  in  radio  receiving 
tube  production  was  reached  in 
June  with  shipment  of  17,979,636 
tubes.  Of  these,  10,442,841  were 
intended  for  new  radio  sets  and 
828,740  for  export. 

Report  on  Surplus 

Next  to  Machine  Tools,  the  larg¬ 
est  inventory  of  war  surplus  capital 
goods  consists  of  communication 
and  electronic  equipment,  with  $300 
million  of  this  property  acquired 
for  disposal  by  the  end  of  February 
1946  and  somewhere  between  $1 
and  $2  billion  more  at  reported 
original  cost  awaiting  disposal.  It 


l^ui^tions  of  oloctronic  oquipment  hare 
coming  in  rapidly,  but  goTommental 
f*d  tope  ond  unreasonably  high  asking 
prices  combine  to  make  Tery  slow,  so 
inTentory  grows  steadily 

is  expected  that  a  large  portion  of 
this  surplus  will  be  scrapped  as  be¬ 
ing  commercially  unsalable.  The 
accompanying  War  Assets  Admin¬ 
istration  graphs,  portraying  the 


An  Advertisement  about  TRANSFORMER  DESIGN 

. . .  Directed  to  those  who  manufacture  electronic  equips 
ment  that  must  be  MOISTURE  PROOF  and/or  FAILURE  PROOF 


HERMETICALLY- 

TERMINAL  CONSTRUE 

u .  , »  \  " 

f  Pernaneiit  Proof  Against  Moistvre 
^  Impervions  to  Temperatire  Changes  in  tii 

M  SurrAHHiline  Air  \ 


Impervions  to  Temperatnre  Changes  in  the  Unit  er 
Snrronnding  Air  \ 

Unaffected  hy  Heat  Transfer  from  Solderhif  ol 
Terminal  Connections 

Cnshioned  Against  Mechanical  Shock  ^ 


These  qualities  stem  from  Chicago  Transformer's  use  of  s 
neoprene  rubber  gaskets  in  con|unction  with  ceramic  bushinge 
seal  and  insulate  terminals  where  they  extend  through  the 
base  covers  or  drawn  steel  cases.  Under  constant  pressure,  im 
by  the  terminal  assembly  itself,  the  gaskets  are  forced  into 
retained  by  specially-designed  wells  in  the  bushings. 

By  this  method,  a  non-deteriorating,  highly  resilient  seal  is 
tained.  Its  protection  of  the  vital  parts  of  the  transformer  agoi 
moisture  and  corrosion  is  equally  effective  in  extreme  heat  or 
and  against  corrosive  fumes  or  liquids. 

As  components  of  Army  and  Navy  electronic  apparatus,  Herm< 
cally-Sealed  Chicago  Transformers  gained  an  outstanding  re 
lion  for  durability  and  dependability  under  the  most  severe  wa 
operating  conditions.  Today,  this  same  basic  design  is  availa 
manufacturers  who  are  building  electronic  equipment  to  c 
parable  standards  of  peacetime  excellence.  / 


CHICAGO  TRANSFORMER 

DIVISION  OF  ESSEX  WIRE  CORPORATION 


3501  ADDISON  STREET 


CHICAGO.  18 


f 
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RUGGED  Screw  Terminals 


M  FlwaTIM 
mMCR  MTI 


cutting 

cogiRcering  aid  asseaUing  tine 

TIum  Mv«d  in  pralimbiory  planning  is  directly 
peepertionote  to  oMdoncios  offodod  in  the  blue- 
print  stage.  By.  designing-in  BAEI  ibre  fabrica- 
tiene— whether  year  predwct  is  instrument,  ma¬ 
chine,  appliance  or  equipment  the  utmost  in 
production  stream-lining  Is  assured.  Further,  the 
Inherent  advantages  of  the  .  motorial— accurately 
machined,  stomped,  punched,  drilied,  milled  or 
sowed  by  BAHI  craftsmen  addi  o  full  measure 
of  dependability  under  varying  service  conditions. 


ILS.BAEK  COMPANY,  9-tlMONTCOMERYSI.,HUSIOC.N.J. 


OMtm,  l»«  — ELECTRONICS 


ffdvanceffe/ays 


MOUNTINOi  Surface  mounting,  any 
position,  fastens  with  two  No.  6 
screws 

SIZIt  2"  X  2-9/16"  X  IVi'  high 
WMOHTt  6^  ounces 
PBICIi  Moderate 

Write  for  quotations  and  catalogs 
on  the  Advance  Type  1200  Ultra 
Sensitive  D.  C.  Relay  and  other 
Advance  Relays 


ADVANCE 

ElECTRIC  &  RELAY  CO. 

1260  West  2nd  Street 

Los  Angeles  76,  Calif.,  U.  S.  A. 

Phone  Michigan  9331 


^  TO  S  MiLLIWAH  OPIRATION 
~  3S%  TO  15%  DIPPIRINTIAL 
COVIIt  Moulded  Plastic,  Cellulose 
Acetate, Clear,Toush  Single  Screw 
Attachment  •  No  dust  or  din  on 
contacts  •  No  accidental  opera¬ 
tion  •  No  shon  circuits  •  Instant 
visual  inspection  •  Low  mainte¬ 
nance  of  contact  adjustment 
BAUt  Moulded  black  BAKELITE  • 
Good  mechanical  strength  •  High 
dielectric  strength  and  insulation 
•  Negligible  water  absorption  • 
Compactness  and  line  appearance 
OPIRATINO  POWIRt  5  Milliwatts  for 
positive  operation  •  iVi  Milli- 
wans  with  careful  adjustment  and 
light  contact  loads 
MAONniC  CIRCUIT:  Armature  and 
pole  of  Nickel-Iron  alloy.  Hydro¬ 
gen  annealed  for  high  permeabil¬ 
ity  and  low  retentivity  •  High 
overall  sensitivity  •  Small  make- 
break  coil  current  differential— 
(  2  5%  to  1 5%  less  current  to  break 
than  to  make) 

ARMATURIt  Counterbalanced  •  Pre¬ 
vents  action  of  relay  due  to  mod¬ 
erate  vibration  •  Allows  opera¬ 
tion  in  any  position 
SINSITIVITY  ADJUSTMINTt  Vernier 
screw  for  coil  spring  tension  on 
armature  •  Accuracy  •  Permanent 
sening,  easily  changed 
CONTACTS:  Pure  Silver  (palladium, 
platinum  or  other  specified  ma¬ 
terials  at  extra  cost)  •  Single  pole, 
double  throw  •  1  ampere  on  1 10 
volt  A.C.,  non-inductive  load  • 
Screwdriver  adjustment 
COIL:  Standard  resistance  from  1 
ohm  to  1 0,000  ohms,  up  to  3 0,000 
ohms  at  small  extra  cost  •  Cellu¬ 
lose  acetate  insulation  •  Varnish 
vacuum  impregnation 
TIRMINALS:  Solder  lugs  and  screws, 
recessed  on  bottom  of  base,  ac¬ 
cessible  through  panel  or  through 
knockouts  on  side  of  base 


PHENOL  AND  VULCANIZED 


FIBRE 

I  FABRICATIONS  < 


FOR 

INDUSTRY 


PLASTIC  ENCLOSED 


HPtliOl 

AOVIIICE  mu  SfNSlIlVf  D.C.II[U!S 


0 


HARDWICK,  HINDLE,  INC. 

^  RHEOSTATS  and  RESISTORS 

Subsidiary  of  THE  NATIONAL  LOCK  WASHER  COMPANY 
NEWARK  5,  N.  J.  iStAiUSHB)  iSM 


The  sturdy  screw  terminals  are 
integral  with  the  massive  ce¬ 
ramic  winding  core— a  great  core 
that  gives  25%  more  capacity. 
These  solid  screw  studs  cannot  he 
deformed  nor  ripped  loose. 

And  this  is  only  one  of  several 
exclusive  features  of  this  line  of 
rheostats,  ranging  from  50  to  500 
watt  capacity. 

Our  10  watt  and  25  watt  rheo¬ 
stats  also,  and  many  different 
types  of  Hardwick-Hindle  resist¬ 
ors,  offer  other  exclusive  advan¬ 
tages. 

Write  us  today.  Our  engineers 
are  at  your  service. 


for  a  RUGGED  Rheostat 


NEWS  OF  THE  INDUSTRY  (continu«d)  i 

I 

situation  as  of  about  six  months 
ago,  show  trends  fairly  representa¬ 
tive  of  the  situation  today;  inven¬ 
tory  is  high,  but  prices  on  items 
displayed  by  WAA  agents  are  high 
also  and  disposal  is  correspondingly 
slow. 


F-M  Station  Construction 

To  COUNTERACT  DILATORY  planning 
and  construction  of  f-m  stations 
and  assure  operation  with  interim 
equipment  when  complete  equip¬ 
ment  is  not  immediately  available, 
the  FCC  has  shortened  from  90  days 
to  30  days  the  period  within  which 
additional  engineering  information 
must  be  supplied  by  grantees  seek- 
to  convert  conditional  grants  to 
construction  permits.  Also,  prog¬ 
ress  information  is  being  requested 
of  those  already  holding  permits. 
When  request  for  extension  of  com¬ 
pletion  date  is  requested  by  a  per¬ 
mit  holder,  the  Commission  will 
consider  the  promptness  of  a  per¬ 
mittee’s  efforts  to  secure  equipment 
and  other  materials  and  his  efforts 
to  provide  an  f-m  broadcast  service 
promptly  with  interim  equipment  in 
determining  whether  such  extension 
should  be  granted  or  whether  the 
original  application  shall  be  desig¬ 
nated  for  hearing  and  the  grant 
cancelled. 


MEETINGS 

Oct.  3-5;  National  Electronics 
Conference;  Edgewater  Hotel, 
Chicago,  Ill.;  technical  programs 
under  three  main  heads — communi¬ 
cations,  industrial  electronics,  and 
scientific  and  medical  developments. 

Oct.  3-5;  Optical  Society  of 
America;  annual  meeting;  Hotel 
Pennsylvania,  New  York  City. 

Oct.  10-11;  Television  Broad¬ 
casters  Association  Conference; 
Waldorf-Astoria  Hotel,  New  York 
City;  latest  television  equipment 
will  be  exhibited. 

Oct.  18-20;  Electronics  Trade 
Show  ;  sponsored  by  West  Coast 
Electronics  Manufacturers  Associ¬ 
ation;  Elks  Temple  building,  Los 
Angeles,  California. 

Oct.  21;  F-M  Symposium;  annual 


ONE  OF  OUR  MOST  IMPORTANT  ANNOUNCEMENTS  IN  19  YEARS  OF 
PROVEN  LEADERSHIP  IN  TRAINING  PROFESSIONAL  RADIO  MEN! 


Your  First  Practical 


Step  Toward  a  Good-Paying  Career 


CREI  INTRODUCES  A  STREAMLINED 
HOME  STUDY  COURSE  IN  PRACTICAL 


FOR  THE  FIRST  TIME!  Heres  Your  Chance  to  "Get  in  on  the  Ground  Floor" 
of  TELEVISION  Opportunities. 

Don't  say,  “I  navar  had  a  chancal"  Prapara  NOW  for  tha  good  paving  jobs  awaiting  trainad 
talavision  anginaars  and  tachnicians.  Ba  in  a  position  to  command  a  ''kay"  job  in  tha  growing 
TELEVISION  Industry  by  praparing  now  with  tha  typa  of  thoroug^h,  practical  TELEVISION  Enginaaring 
training  that  tha  industry  raquiras.  Tha  naw  CREI  TELEVISION  Enginaaring  coursa  is  (I)  A  complata 
wall-coordinatad  coursa  of  study  that  covars  tha  antira  fiald  of  practical  TELEVISION  Enginaaring 
opportunity  to  ba  praparad  for  talavision  wall  ahaad  of  compatition,  if  you  start  NOW. 
and  Laboratorias.plus  yaars  of  closa  contact  with  laadars  in  talavision  davalopmant.  Hare's  your 
(2)  Prasantad  in  CREI'S  professional  and  proven  home  study  form.  (3)  Praparad  by  CREI'S  axpari- 
ancad  staff,  based  on  actual  axparianca  in  our  own  TELEVISION  Studios  and  Laboratories,  plus  yaars 
of  closa  contact  with  laadars  in  talavision  davalopmant.  Here's  your  opportunity  to  ba  prepared  for 
talavision  wall  ahaad  of  compatition,  if  you  start  NOW. 


CAPITOL  RADIO  ENGINEERIHG  INSTITUTE 


D*pt.  S9,  16Hi  and  Park  Read,  N.  W.,  Washiagtoa  10,  D.  C. 


JUST  OFF  THE 
PEESS 

MAIL  COUPON 
FOR  COMPLETE 
FREE  DETAILS 
AND  OUTLINE 
OF  COURSE 


:  CAPITAL  RADIO  ENGINEERING  INSTITUTE  S9  \ 
a  Uth  and  Pork  Rood,  N.  W.,  WoshlHgteii  10.  D.  C.  ; 

5  Gentleman:  Please  send  me  complete  details  describ-  S 
a  ing  the  new  CREI  home  study  course  in  Practical  Tele-  J 
S  vision  Engineering.  I  am  attaching  a  brief  r^umi  of  ■ 
•  my  experience,  education  and  present  position.  J 


If  you  ka*o  had  profwionat  or  amafoar 
radio  aipar/anca  and  want  to  propero 
for  opportunltlot  In  TELCVISION,  lot  vs 
prove  to  you  wo  haro  tko  training  you 
nood  to  quality.  To  holp  vs  IntoUlgontty 
answor  your  Inr/ulry  —  PLEASE  STATE 
BPIEPLY  YOUR  BACKGROUND  OP 
EXPERIENCE,  EDUCATION  AND  PRES¬ 
ENT  POSITION. 

of  Notleiial  Heme  Stvdy 


Name. 


:  Street. 


City. 


.Zona. 


.State. 


••d 


t  itmuy 
Talavisi 


a  I  am  entitled  to  training  under  tha  G.  I.  Bill. 

. . . . . 

Cowell— NotioMri  Cooneil  of  Tacbnleal  Seboeb— 
OR  Broodcostars  Assoclotlen 
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(Patent  Pendint) 


“DiAico”  mmpilot  Lights 

Designed  for  the  New  Neon-51  Lamp 

Feature  BUILT-IN  RESISTORS 

For  1 10  Volfs  (and  higher) 

A  RUGGED  UNIT.  CoM«ni*s  a  small  amoaat  of  carraat 
(■ndar  oa*  milliampere)  aad  has  dapaadabla  loag  Ufa. 
Not*  thesa  importaat  faatares 
of  tha  PLN-849  Pilot  Light: 

(1)  RESISTOR  INTEGRAL 
with  socket  assembly.  Value  to 
suit  supply  voltage. 

(2)  Moulded  Bakelite  Socket. 

(3)  Full-view  Jewel  Plastic 
Cap  for  visibility  at  all  angles. 

(4)  Rugged  terminals,  binding 
screw  or  permanent  soldering 
type. 

(5)  High  resistance  to  vibra¬ 
tion  or  shock. 

(4)  Supplied  complete  with 
General  Electric  Neon  NE-Sl 
Bulbs.  May  also  be  adapted  to 


DIRtLIGHTCO. 


WR/Tf  FOR  NEW 
ILLUSTRATED 
tROCHURE 


RECORD  THIS  SHOW- 
iT's  /Afpom/i/r/ 


900  BROADWAY  .  NEW  YORK  3,  N.  Y. 

Telephone:  Algonquin  4-5180-1-2-3 


bTvis'5^ 


ELECTROX 


LOW  CAPACITY 


RECTIFIER^ 


Quality  units,  mad#  by  ona  of  tbs 
oldast  manufacturars  of  dry  disc 
ractifiars.  You  can  raly  absolutely  on 
Elactroi  Rectifiers  for  all  types  of 
alactronic  applications  ~  such  as 
instruments,  test  sets,  precision 
measuring  equipment  and  similar  uses. 

Order  from  Peer  Ports  Soppffer 
Or  Write  Direct  for  Belfetle  444 


SCHAUER  MACHINE  CO.I 


2119  Reading  Rd 


Cincinnoti  2,  Ohio 


Whether  you  ore  recording  for  broadcast, 
rebroadcast,  audition,  or  nnovie  playback,  it 
is  a  satisfaction  to  know  that  the  disc  you 
use  will  not  foil. 

Soundcroffs  great  diK  names: 
e  'Broadcaster' 
e  'Playback' 
e  'Audition' 

ore  your  guorontee  of  highest  professional 
quality. 

WRITE  FOR  THE 
SOUNDCRAFT  STORY, 


:^^REEVES 
SOUNDCRAFT  CORP. 

10  EAST  52  STREET 
NEW  YORK  2  2 .  Y 

—  >.  -  ‘  '  A.  s  .  -.n 
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U.  H.  F.  RADIO  NOISE  and 
FIELD  STRENGTH  METER 
Model  58 

FREQUENCY  RANGE:  15  to  150  me.  Push- 
button  switching  for  rapid,  accurate  measure¬ 
ment  of  noise  levels  or  field  strength. 


SQUARE  WAVE 
GENERATOR  Model  71 

FREQUENCY  RANGE:  5  to  100,000  cycles. 
WAVE  SHAPE:  Rise  time  less  than  0.2  micro* 
seconds. 

OUTPUT  VOLTAGE:  75, 50, 25, 15, 10, 5  peak 
volts  fixed;  0-2.5  volts  continuously  variable. 


iujiwmctukk  Of 

,■<■14  SHMl  •-«•>«* 
felse 

FM  R***^*'®™ 

Capacity  WAV* 
lleiahmIiFW* 

(qHtpfnvaR 


Catalog 

on 

request 
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NEWS  OF  THE  INDUSTRY  (continued) 

convention  of  National  Association 
of  Broadcasters;  luncheon  and 
afternoon  session  commencing  at 
12:30;  Palmer  House,  Chicago. 

Oct.  21-23;  School  Broadcast 
Conference;  Continental  Hotel, 
Chicago,  Ill.;  papers  on  program¬ 
ming  and  choice  of  equipment  for 
educational  uses  of  radio,  and  ex¬ 
hibits  of  equipment;  George  Jen¬ 
nings,  director,  School  Broadcast 
Conference,  228  N.  LaSalle  St.,  Chi¬ 
cago  1,  Ill. 

Oct.  21-25;  Society  of  Motion 
Picture  Engineers;  semiannual 
convention ;  Hollywood  -  Roosevelt 
Hotel,  Hollywood,  California. 

Nov.  11-13;  Rochester  Fall 
Meeting;  Sheraton  Hotel,  Roches¬ 
ter,  N.  Y. ;  technical  papers  and  ex¬ 
hibits. 

Nov.  11-14;  International  Mu¬ 
nicipal  Signal  Association;  An¬ 
nual  Meeting;  Miami,  Florida; 
technical  program  and  exhibits 
cover  fire  and  police  radio,  signal¬ 
ing,  etc. 

Nov.  18-22;  The  National  Metal 
Exposition  ;  Municipal  Auditor¬ 
ium,  Atlantic  City,  N.  J.;  held  in 
conjunction  with  annual  meetings 
of  The  American  Industrial  Radium 
and  X-ray  Society,  The  American 
Welding  Society,  The  American  So¬ 
ciety  for  Metals,  and  two  sections 
of  the  American  Institute  of  Min¬ 
ing  and  Metallurgical  Engineers. 

Dec.  2-7;  National  Power  Show; 
Grand  Central  Palace,  New  York 
City. 

Jan.  23-26;  Society  of  the  Plas¬ 
tics  Industry;  technical  papers 
and  exhibit;  Edgewater  Beach 
Hotel,  Chicago. 

Jan.  27-31 ;  Electrical  Engineer¬ 
ing  Exposition;  held  concur¬ 
rently  with  AIEE  winter  conven¬ 
tion;  71st  Regiment  Armory,  New 
York  City. 


BUSINESS  NEWS 

Automobile  Manufacturers  Asso¬ 
ciation,  Detroit,  has  submitted  to 
automotive  manufacturers  the  re¬ 
sults  of  a  joint  SAE-RMA  research 
project  establishing  tentative 
standards  that  will  place  within 
tolerable  limits  automotive  ignition 
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FM  SIGNAL  GENERATOR 

MODEL  78-FM 


RANGE:  86  to  108  megacycles 
OUTPUT:  1  to  100,000  microvolts 
Individually  Calibrated  Dial 


PULSE  GENERATOR 

MODEL  79-B 


RANGE:  50  to  100,000  cycles 
In  three  ranges 

PULSE  WIDTH:  0.5  to  40  microseconds 
OUTPUT:  150  volts 


iMIUFUCTURtRS  OF 
fitMTStorS 

Cspsetty 

Mtfohm  Httws 

_ -  . . .  llliBCltOrS 


Catalog 

oo 

request 
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app 


Vf  No.  10030 

INSTRUMENT  DIAL 

An  •xtrwnnly  ctnrdy  ln»»rwiwnnt  typ*  incR* 
color.  Control  shoft  hot  1  to  1  ratio.  Voodor 
typo  covnior  it  diract  raocHng  in  99  ravololiont 
ond  vornior  tcoio  pormHt  raa«Nngt  to  1  port 
in  100  of  o  tingio  ravolwlion.  Hot  bMill4n 
dioi  lock  ond  \4"  drivo  thofi  coopting.  Moy 
bo  wtod  wHh  muhi-rovototion  trantmillor 
controlt,  olc.  or  throogh  goor  radoction 
mochonitni  for  control  of  fractionol  rovolo- 
Hon  copochort,  otc.  in  racoivort  or  lob  oratory 
intirwmonta. 


JAMES  MILLEN 
MFG.  CO.,  INC. 

MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


interference  with  radio  reception. 
Recommendations  call  for  all  manu-  j 
facturers  co  meet  the  standards  by  ; 
Jan.  1,  1948.  In  some  ca.ses  this  i 
will  involve  redesiKn  of  ignition  j 
systems  but  in  others  it  merely  i 
involves  addition  of  suppressor  | 

I 

resistors.  | 

Aviometer  Corp.,  New  York  ; 
City,  announces  an  inter-com- 
municp.tion  maintenance  service 
for  the  aircraft  industry,  with 
facilities  for  supplying  standard 
replacement  parts  for  microphones, 
headsets,  handsets,  and  other  parts.  ; 

Television  Broadcasters  Associa-  : 
TION,  Inc.,  New  York  City,  an-  j 
nounces  that  all  exhibitors’  .space  y 
has  been  engaged  for  their  Second 
Television  Conference  and  Exhibi-  I 
tion,  to  be  held  at  the  Waldorf-  ; 

Astoria  hotel  Oct.  10-11.  j 

! 

Lear,  Inc.,  has  leased  all  facilities 
of  the  Grand  Rapids  Woodr*raft 
Corp.,  therebv  acquiring  35.000 
square  feet  of  floor  space  contain¬ 
ing  modern  woodworking  and  fin¬ 
ishing  machinery  to  be  used  in  : 
a.ssembling  and  finishing  Lear  radio 
cabinets  and  consoles. 

International  Telephone  and 
Telegraph  Corp.  added  16,701 
telephones  to  its  facilities  in 
Argentina,  Brazil,  Chile,  Cuba. 
Mexico,  Peru,  Puerto  Rico,  and  | 
Shanghai,  giving  a  total  of  968,221  ; 
telephones  in  service  on  June  30  j 
and  a  backlog  of  199,514  applica-  ! 
tions  for  telephone  service.  The  I 
unfilled  orders  are  due  principally  j 
to  shortages  of  automatic  central 
office  equipment.  , 

Taco  West  Corp.,  Chicago,  has  j 
been  formed  by  T.  A.  Cohen  as  ; 
a  consulting,  designing,  and  manu-  ' 
facturing  organization  specializing 
in  electronic  and  electromechanical 
automatic  control  equipment  for  in¬ 
dustrial  process  control.  The 
founder  was  formerly  vice-presi¬ 
dent  and  chief  engineer  of  Wheelco 
Instruments  Co. 

National  Bureau  of  Standards, 
Washington,  D.  C.,  has  been 
granted  a  Civilian  Production  Ad¬ 
ministration  permit  to  construct  a 
$230,000  building  to  house  a  new 
radiation  laboratory  that  will  con¬ 
tain  a  50,000,000-volt  batatron. 

Bendix  Radio  Division,  Baltimore, 
Md.,  has  equipped  a  Lodestar  trans- 


SIGMA  Type  41 RO  (DC);  41  ROZ  (AC) 
NEW  FEATURES  OF  THIS  DESIGN: 

•  Fits  octal  socket. 

•  Outline  dimensions  :  |J^"k 
above  socket. 

Permits  lining  up  contiguous  relays  as 
close  together  as  the  smallest  octal 
sockets  will  permit. 

Features  of  All  SIGMA  Series  41  Relays: 

•  DC  sensitivity:  —  0.020  watts 
(min.  input.) 

•  AC  sensitivity:  —  0.1  volt-ampere 
(min.  input.) 

One  standard  IIO  volt  AC  model 
draws  about  1.5  milliampere. 

•  Contact  ratings  up  to  15  amperes  on 
low  voltage. 

•  High  quality  construction — mechan¬ 
ically  ruggod. 

•  Very  low  cost. 


Sipa  Instrument,  m. 

RELAYS 

62  Ceylom  St,  Boston  21,  Mass. 
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feasts  Yo 


n  Ia>s 
Pay  a 

Little  More  For 

siucocks-miuir 

PLASTIC  NAME  PLATES 


THE  SIllCOCKS-MIllER  CO 


A  MUST  IN  EVERY  LAB  . . . 

ON  EVERY  SERVICEMAN'S  BENCH 
IN  EVERY  SERVICE  KIT  . . . 


A  pocket-size 


•  So  SMALL  in  size  (4"  x  6%"  x  10"^ 

•  So  LIGHT  in  weight  (5%  lbs.)  •  So 
COMPLETE  in  performance  •  So 
INEXPENSIVE  in  price  •  Plus  WIDE- 
ANGLE  VISION:  on  shelf,  on  floor, 
on  bench  •  Plus  RETRACTABLE  LIGHT 
SHIELD:  for  increased  visibility. 


A  2"  "pocket-size"  'scope  Incor¬ 
porating  the  cothocJe  ray  tube, 
vertical  and  horizontal  amplifiers, 
linear  time  base  oscillator,  syn¬ 
chronization  means  and  self-con¬ 
tained  power  supply. 


Contact  your  nearest  jobber.  If  he  doesn't  have  the  POCKETSCOPE  available,  contact  us  direct. 


WATERMAN  PRODUCTS  CO 

INCORPORATED 

C  PHILADELPHIA  25,  PENNSYLVANIA 


The  nameplate  that  identifies 
your  product  should  reflect  the 
quality  you  build  into  it. 

Recognizing  this,  manufacturers 
all  over  the  country  have  made  Sill- 
cocks-Miller  their  source  for  name¬ 
plates  fabricated  of  plastic.  These 
companies  know  that  quality  is  a 
tradition  here  at  Sillcocks-Miller  .  .  . 
that  every  job  must  conform  to  our 
rigid  standards  of  accuracy  and  per¬ 


fection. 

From  long  experience,  our  en¬ 
gineers  can  readily  meet  your  name¬ 
plate  requirements.  There  is  no  lost 
motion,  no  delays  to  you  because  of 
'trial  and  error’*  prodiK'tioii. 

That’  s  what  we  mean  when  we  say 
it  costs  you  less  to  pay  a  little  more 
for  Sillcocks-Miller  quality. 

y— — W'rite  for  complete  details 


V  V’-  r*’ 

'SI. 


10  W«l  Nrktr  Avhm.  iiplwriii,  I.  JL 
MolRai  AMntti  SMrtli  0raa|A  I.  A 

tiouiiuMMn 


INSTRUMENT  RESISTORS  CO. 

1036  Commerce  Avenue.  Union,  New  Jersey 
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Thordarson  8-Watt 
Amplifier,  Model  30W08 


Ideal  for  P.A.  work  or  special  inter* 
phone  systems.  High  gain;  +31.25  db 
output;  response  fiat  within  db 
from  50  to  15,000  c.p.s.  Has  separate 
mike  and  phono  controls,  tone  control. 
Output  impedances  4,  6.  8  and  500 
ohms.  Fini^ed  in  grey  wrinkle,  panel 
trimmed  in  green.  Uses  two  6J7, 
one  6L6G,  one  5Y3GT.  Net  price,  less 

tubes . $25.98 

Kit  oi  tubes . 3.26 


ZERO-CENTER  MICROAMMETER 

lOO-O-lOO.  Weston  Model 
506.  Ideal  for  tuning  in* 
dicotor  for  FM,  etc. 
Brand  new.  Harvey  Spe¬ 
cial  Price..... . J5.95 

DECIBEL  METER 

calibrated  —10  to  +5 
db.  Weston  Model  506. 

Brand  new.  Harvey  Spe¬ 
cial  Price . 44.95 

4  KILOVOLTMETER 

'Weston  Model  301,  with 
external  multiplier  (in¬ 
cluded).  A  good  buy  for 
the  servicemon  working 
on  television!  Brand 
new.  Harvey  Special 
Price . . J10.95 

Q9aiiHti$s  limited.  Order  At  OHce! 

The  three  specially  priced  meters  listed 
above  are  surplus,  but  Harvey  has 
large  stocks  oi  Weston  and  other  popu¬ 
lar  meters  on  which  we  con  moke  im¬ 
mediate  delivery.  We  hove  other  sur¬ 
plus  meters,  too,  but  in  quantities  too 
small  to  warrant  listing  here.  Let  us 
know  your  needs  and  we  will  recom¬ 
mend  the  best  buys, 
for  news-  of  scarce  •qulpmmnft  big 
valumM,  be  svre  to  see  the  HAMVtY 
cofvmn  eocfc  montfcf 


Telephone: 


LO.  3-1800 


HARVEY 

RADIO  COMPANY  INC 


f  05  Wost  43rd  St.,  New  York  18,  N.  Y. 
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port  plane  owned  by  Hercules 
Powder  Co.  with  a  Bendix  aircraft 
transmitter-receiver  modified  to 
permit  contact  with  ship-to-shore 
stations  maintained  by  telephone 
companies.  Commercial  telephone 
communications  from  planes  in 
flight  have  been  found  entirely 
practicable. 

Jefferson-Travis  Corp.,  New  York 
City,  has  supplied  standard  ship- 
to-shore  radio  communication 
equipment  to  Alaska  Radio,  Inc.  for 
installation  at  18  Alaskan  outposts 
not  connected  now  by  telephone 
lines  to  larger  centers.  Up  until 
now  Alaska  has  been  served  by  the 
U.  S.  Army’s  Alaska  Communica¬ 
tions  System,  but  this  is  available 
to  the  public  only  when  military 
commitments  permit. 

Sam  Tour  &  Co.,  Inc.,  New  York 
City,  offer  a  nondestructive  test¬ 
ing  service  for  high-pressure  pipe 
lines,  ship  hulls,  tanks,  and  other 
structures  accessible  from  only  one 
side,  using  such  electronic  equip¬ 
ment  as  the  Penetron  and  the  Pro- 
bolog. 

Kellogg  Switchboard  and  Supply 
Co.,  Chicago,  has  begun  construc¬ 
tion  of  a  large  new  addition  adja¬ 
cent  to  present  buildings.  It  will 
provide  nearly  55,000  square  feet  of 
manufacturing  space  for  telephones 
and  switchboards. 

Alni  Corporation,  New  York  City, 
has  been  formed  to  manufacture 
miniature  d-c  motors  operating  on 
as  little  as  30  milliwatts  power, 
along  with  electromechanical  de¬ 
vices. 

National  Union  Radio.  Corp., 
Newark,  N.  J.,  has  added  radio 
receivers  to  their  line  of  electronic 
equipment  and  parts. 

WiLMOTTE  Mfg.  Co.,  has  moved  to 
newer  and  larger  quarters  at  1713 
Kalorama  Road  NW,  Washington, 
D.  C. 

Emerson  Radio  and  Phonograph 
Corp.,  New  York  City,  has  acquired 
all  capital  stock  of  Plastimold 
Corp.,  Attleboro,  Mass.,  which  for 
many  years  has  been  a  manufac¬ 
turer  of  radio  plastic  cabinets  and 
molded  plastic  products. 

Association  of  Elkctronic  Parts 
AND  Equipment  Manufacturers 
elected  the  following  officers  for 


A  major 
advancement 
in  the 

recording  blank 
field . . . 


GUARANTEE 

GOULD-MOODY 

ALUMINUM 
RICORDING  BLANKS 

•  fio  fflCfMCM 

^  in  pricn! 


AHtr  prolonged  rotoorch  and  oxperl- 
montatioii,  wo  kavo  iotrodoeod  to^oo- 
logicol  improvomoot*  Info  "Black 
Seal"  blooks  tkot  not  only  IncrooM  lift 
•pon,  but  motorlally^pnlionco  tbo  other 
finer  ckarocterictics  of  these  blonb. 
And  so  positive  ore  we  of  the  worth 
of  these  perfected  "Block  Seols"  that 
sre're  ofMng  them  to  yew  on  on  wn- 
conditionol  ten-yeor  gworontee  bosit. 

You  can'f  afford  to  bo  o 
roeordbtg  hohrtonht  e  •  • 

"Block  Seal"  blanks  will  not*  rip  wp. 
disintegrate  or  powder  after  the  first 
playing  If  kept  in  storage  for  any 
long  period  of  time.  You  ore  In  no 
danger  of  losing  volwable  recordings 
In  srhot,  wp  wntil  now,  yow  hove  con¬ 
sidered  yowr  safe  library  of  recording 
blanks.  No  matter  bow  well  yow  may 
be  satisfied  with  yowr  present  blonb, 
yow  can't  afford  to  be  a  recording 
isolationist.  Try  "Block  Seals"— If,  for 
any  reason  whatsoever,  yow  aren't 
satisfied,  retwm  them  gt  gyr  tiptHM. 
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THE  GOULD-MOODY  CO. 

395  BROADWAY  NEW  YORK  13.N.Y. 
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The  time-tested  Par-Metal 
line  presents  superior  fea¬ 
tures  of  styling,  design,  and 
construction.  True  to  policy, 
Par-Metal  continues  to 
specialize  in  Electronic 
Housings  exclusively ...  and 
is  therefore  able  to  offer 
leadership  in  value.  Com¬ 
pare!  Write  for  Catalogue. 


Bringing  you 


full,  bandy, 
useful  data  on 
methods  of 


COMPLETE  AND  DIVERSIFIED  FOR  EVERY  PHASE  ! 
OF  ELECTRONIC  MANUFACTURE! 

TRANSFORMER^: 


— - of  all  typos  —  furnace,  distribution,  power,  phase 

air,  oil,  induction,  water  cooled,  plate,  filament  and  auto-trans- 
formers.  Filter  chokes  and  inter-phase  reactors. 


Here  is  a  comprehensive  coverage  of  the 
methods  of  network  theory  for  the  practic¬ 
ing  engineer  and  advanced  student  in  the 
communications  held.  It  presents  a  full 
treatment  of  impedance  transformation  and 
transfer  of  power 
through  lines  and 

networks,  particu-  _ 

larly  in  the  ultra- 

high  frequency  - 

range.  Stress  is  HjlL  ^ 

placed  upon  graph-  ■■  r" 

ical  methods  of  |SI  1 

study  and  computa-  •  j  - 

tion  and  upon  the  AKI 

application  of  map-  I  1^^ 

ping  methods  to  | 

communications.  I  — waI 

Just  published  B| 


Transformers  suppliod  from  V4  to  300  KVA. 


EISLER  Compound 
Vacuum  Pump. 


*  EISLER  machines  arc  i.i 
use  and  in  production 
by  99%  of  all  American 
radio  tube  and  incan¬ 
descent  lamp  manufac¬ 
turers  and  throughoul 
the  vrorld. 


EISLER  Spotwoldors 
from  V4  to  250  KVA. 


ELECTRICAL 
TRANSMISSION 
IN  STEADY  STATE 


24  Hood  Radio  Tub# 
Exhausting  Machine. 


- CHAS,  EISLER - 

EISLER  ENGINEERING  CO 


NEWARK  3,  NEW  JERSEY 


By  Paul  J.  Selgin 

Research  Enalneer,  Farns¬ 
worth  Television  and  Radio 
Corporation;  formerly  in8truo> 
tor.  Polytechnic  Institute  ol 
Brooklyn. 

427  pages,  S'/exS'/e.  >00 
figures,  $S.OO. 


McGraw-Hill 

RADIO 

COMMUN¬ 

ICATION 

SERIES 


Thla  Important  new  vol¬ 
ume  in  the  McOraw-Hill 
Radio  Communication 
Seriea  brings  together 
much  factual  and  helpful  information  for  the 
first  time.  Progressing  systematically  from  the 
simpler  type  of  problem  to  the  more  advanced, 
the  book  presents  practical  material  on  such 
subjects  as: — 

—hew  to  use  the  “reflection  factor”  in  computing  input 
impedance.  Insertion  loss 

—maps  of  characteristics  of  transmiuion  lines  at  tele- 
phonie  frequencies 

—insertion,  transmission  and  reflection  losses 
—evaluation  of  selectivity.  Including  that  of  systems 
with  distributed  constants 
—tuners 

—analysis  of  the  multi-section  line,  used  to  provide  an 
Impedance  match  over  a  wide  range  of  frequencies 

—quantities  of  eloctro-magnetic  theory  showing  their  mu¬ 
tual  relationship 

—the  principle  of  “Invariance  of  plane  fields” 

—the  exponential  stub,  showing  its  advantages  over  uni- 


■^e  exponential  stub,  showing 
term  stubs  in  many  applications 

of  magnetic  coupling  and  flux  linkages 
S?  of  power  transmission  through  amplifiers  at 
high  frequency,  showing  the  condition  for  stability  and 
giving  graphically  the  power  gain  in  terms  of  the  load 
impedance 


McGraw-Hill  Book  Co.,  330  W.  42nd  8*..  New  York  IS 

^<1  me  Selgin— Electrical  TransmLssion  in  Steady  State 
^  examination  on  approval.  In  10  dajs  I  will 

es.OO  plus  few  cents  postage  or  return  book  postiwid. 
(Fostage  paid  on  cash  orders.) 

Name . 

Addrees . 

City  and  State . . . . 

Company  . . 

. .  10-40 

For  Canadiu  price,  write:  Embassy  Book  Co.. 

IS  Richmond  St.  E.,  Tbronto  1 
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Western  Electric 


25B  Speech  Input  Console 


Its  compact  —  easy  to  install  —  handles 
your  AM  and  FM  programs  simultane¬ 
ously —  opens  up  readily  for  inspection 
and  maintenance*  For  stations  large  or 
small  — -  AM  or  FM  —  the  25B  provides 
highest  quality  transmission. 


It  features:  15,000  cycle  range — new 
plug-in  cables  —  7  channel  mixer— two 
line  amplifiers  plus  monitor  amplifier- 
maximum  operating  flexibility  and 
automatic  loudspeaker  cut-ofi*. 

For  full  information — 


ASK  YOUR 


BROADCAST  REPRESENTATIVE 


When  Dependable  Service  is  a  “Must 


WHEN  a  manufacturer  needs 
parts  in  large  quantities  re¬ 
quiring  the  close  tolerances  shown 
above,  his  source  of  supply  must 
be  experienced  and  dependable. 

That  is  undoubtedly  why  lead¬ 
ing  manufacturers  in  increasing 


numbers  are  turning  to  Ericsson 
for  their  precision  requirements. 

Their  confidence  is  based  on 
Ericsson’s  35  years  of  experience. 


NEWS  OF  THE  INDUSTRY  (contlnutd) 

the  ensuing  year:  chairman— Roy 
S.  Laird  of  Ohmite  Mfg.  Co.  ;  vice- 
chairman — Les  A.  Thayer  of  Bel- 
den  Mfg.  Co.;  treasurer  — H.  A. 
Staniland ;  executive  secretary— 
Kenneth  C.  Prince. 

Clarostat  Mpg.  Co.,  Inc.,  Brook¬ 
lyn,  N.  y.  has  acquired  all 
outstanding  stock  of  Knrman 
Electronics. 

Rich-Marc  Mfg.  Co.,  Inc.,  New 
York  City  has  been  organized  by 
L.  M.  Braun,  formerly  vice-presi¬ 
dent  of  Electronic  Corporation  of 
America,  to  manufacture  metal  and 
plastic  radio  components  and  elec¬ 
tronic  equipment. 

Television  Installations,  set  up 
before  the  war  by  U.  S.  Television 
Mfg.  Corp.,  New  York  City  as  an 
independent  television  receiver  in¬ 
stallation  company,  plans  to  make 
available  in  television-served  cities 
a  number  of  installation  groups 
consisting  of  teams  of  two  men, 
one  to  read  the  pattern  at  the  re¬ 
ceiver  and  the  other  to  make  the 
necessary  antenna  adjustments  on 
the  roof.  Intercommunication  will 
be  by  two-way  telephone. 

PERSONNEL 

Charles  E.  B.  Bernard,  former 
staff  member  of  MIT  Radiation 
Laboratory,  has  opened  offices  in 
the  Newbury  Building  in  Boston 
and  will  specialize  in  preparation 
of  technical  illustrations  for 
physics  and  electronics  laboratories. 

Willis  E.  Cleaves,  until  recently 
in  command  of  the  aircraft  carrier 
Pallau  and  having  the  rank  of  Cap¬ 
tain,  has  retired  from  the  Navy 
after  22  years  of  commissioned 
service,  mostly  in  aviation  radio 
communication,  and  will  become 
manager  of  the  Aviation  Sales  De¬ 
partment  of  Collins  Radio  Co., 
Cedar  Rapids,  Iowa. 

Leon  Podolsky  is  manager  of  a 
new  Field  Engineering  Depart¬ 
ment  set  up  by  Sprague  Electric 
Co.,  North  Adams,  Mass. 

Harry  B.  Osborn,  Jr.,  authority  on 
induction  heating  and  formerly  re¬ 
search  and  development  engineer 
in  the  Tocco  Induction  Heating 
Division  of  The  Ohio  Crankshaft 
Co.,  Cleveland,  has  been  promoted 

Odobf,  I W  — ELECTRONICS 


•  You  11  find  unvarying 
smoothness  straight  across  the 
wide  line  of  GI  motors  for 
phonographs,  recorders  and 
record-changers.  It’s  smooth¬ 
ness  that  flows  from  careful 
balancing,  unvarying  speeds, 
vibrationless  mechanisms  and 
painstaking  workmanship. 
It’s  Smooth  Power! 

That’s  the  kind  of  smooth^ 
ness  that  makes  easier  selling 
and  happier  customers.  So,  for 
the  sweet  music  that  comes 
from  this  smooth  selling  . .  • 

Standardize  on  Smooth 
Power  Motors. 


THt  General 
Industries  CO. 


GOAT  PRECISE-FORMED  STAMPINGS 
Sa€0C  7Hoh€^  in  fri9€CuetiOK 

N«w  techniques  in  construction  and  use  of  high  speed,  auto¬ 
matic,  single  operation,  multiple-stage,  progreuive  dies,  in 
conjunction  with  the  GOAT  Precision  Feed  (U.  S.  Pat.  Na. 
2,250rS20),  make  pouible:  higher  production  speeds,  lower 
scrap  losses,  leu  tool  maintenance,  overall  lower  costs,  and 
closer  tolerances  than  ever  before  pouible.  On  lots  of  500,000 
or  more  the  savings  are  indeed  worthwhile. 


AQDRESS  DEPT.  EL 


GOAT  METAL  STAMPINGS, 

Division  of  The  Fred  Goat  Co.,  Inc7 
314  DEAN  STREET  BROOKLYN  ,N.  Y. 


WANTED:  CHIEF  RESEARCH  ENGINEER 

To  direct  Electronic  Division  of  Industrial  Research  Laboratory 


We  offer 

1 —  permanent  and  stable  position. 
Parent  company  has  a  75-year  unbroken 
record  of  growth  and  an  unsurpassed 
reputation  for  integrity.  Normal  gross 
sales  over  $100  million. 

2 —  ^An  opportunity  to  assume  as  much 
responsibility  as  you  can  carry.  The  re¬ 
search  facility  is  organized  as  a  separate 
company,  and  its  policies  are  established 
and  administered  for  and  by  research 
men.  We  expect  you  to  set  up  your  re¬ 
search  program  and,  within  our  general 
policy  limits,  to  choose  and  run  your  or¬ 
ganization  as  you  see  fit. 

3 —  An  ample  budget  for  both  staff  and 
equipment. 

4—  -Excellent  working  conditions.  The 
electronics  laboratory  is  an  unusually  at¬ 
tractive  one  and  is  located  in  a  pleasant 
suburban  community. 

5 —  A  high  bracket  starting  salary. 

6—  A  100%  Company  financed  retire¬ 
ment  plan,  in  addition  to  the  usual  par¬ 
ticipating  group  life  and  health  benefits. 


We  require 


1 —  At  least  a  bachelor's  degree  plus 
I  or  2  years  of  graduate  work  in  com¬ 
munications  or  physics.  We  prefer  an 
E.  E.  or  Ph.D. 

2 —  A  minimum  of  eight  years  experi¬ 
ence  in  communications  or  industrial 
electronics.  This  experience  should  in¬ 
clude  high  and  low  frequency  RF  power 
generation,  servo  system  design  and 
operation,  and  general  industrial  elec¬ 
tronic  control  systems. 

3 —  Ability  not  only  to  organize  and  con¬ 
duct  research  efficiently,  but  to  do  a 
good  production  engineering  job  on  any 
developed  instrument  or  device.  This  in¬ 
cludes  fool-proof  design  for  unskilled 
operation,  as  well  as  neat  packaging. 

4 —  Aqe  between  30  and  45  years. 

Please  submit  sutbeient  information  in 
your  reply  to  warrent  a  personal  interview. 
We  recognize  the  need  for  protecting  your 
identity  and  present  position,  and  all  re¬ 
plies  will  be  handled,  in  strict  confidence, 
by  the  President  only. 


dept,  me 


ELYRIA,  OHIO 


I  ■ 


P-224  Electronics 

330  West  42nd  St.,  New  York  18,  N.  Y. 
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now  •  •  • 

a  "universal*’ 

replacement 

rectifier 

One  rectifier  for  all  circuits 
with  A.C.  voltages  and  D.C. 
currents  within  the  unit's 
rating  —  that  is  Bradley's  new 
"Coprox"  Model  CX2E4U. 

Pre-soldered  leads  to  pre¬ 
vent  overheating  during  as¬ 
sembly  and  other  Bradley 
features  are  embodied  in  this 
useful  model,  which  offers  3 
rating  ranges  as  a  half-wave, 
2  as  a  double  half-wave,  2 
as  a  full  back-to-back,  and 
one  as  a  full  wave  bridge. 

Write  for  the  CX2E4U  Cir¬ 
cuit  Sheet  for  complete  data. 


]^sn'Ot«€t  iifvroture, 
^f  oyoiUibki  on  request, 
teore  models  of 
ll^e^pper  oi^le  rectifiers, 
o  tine  of  eelenfoni 
^ecfifietMW^  idiolocclis. 


BRADLEY 

lABORATORIES.JKC. 

82  Meadow  St.  New  Haven  10,  Conn. 


NEWS  OF  THE  INDUSTRY  (continued) 

to  the  position  of  sales  manager  of 
the  Tocco  Division. 

Louis  McComas  Young  has  re¬ 
turned  to  radio  station  KMOX,  St. 
Louis,  Mo.  as  chief  engineer,  hav¬ 
ing  retired  from  active  duty  in  the 
Army  Air  Forces  at  Wright  Field 
with  the  rank  of  Colonel. 

Theodore  K.  Burgenbauch  joins 
Ellinwood  Industries,  Los  Angeles, 
as  Electronics  Division  production 
manager,  after  15  years  with  Gen¬ 
eral  Electric  Co.  in  Schenectady. 


T.  K.  BURGENBAUCH  R.  O.  CURRY 

R.  0.  Curry  has  been  appointed 
appointed  audio  and  acoustical  en¬ 
gineer  for  Farnsworth  Television 
and  Radio  Corp.,  Fort  Wayne, 
Indiana.  He  was  previously  en¬ 
gaged  in  audio  research  for  the 
Capehart  Division  of  the  company. 

Llewellyn  B.  Keim  is  now  field 
electronics  engineer  for  The  Daven 
Co.,  Newark,  N.  J.  For  more  than 
a  year  he  was  chief  engineer  of 
Muzak’s  early  f-m  station  W47NY, 
and  operates  amateur  station 
W2IKV. 

Ray  M.  Wainwright  has  been 
named  an  assistant  professor  of 
electrical  engineering  at  the  Uni¬ 
versity  of  Illinois.  During  the  war 
he  directed  writing  of  books  on 
fundamentals  of  radar  issued 
jointly  by  the  Army  and  Navy  for 
reference  and  training,  and  later 
was  technical  consultant  with  the 
Signal  Corps  on  analysis  of  enemy 
equipment. 

Harold  C.  Weingartner  is  now 
chief  engineer  of  the  Vacuum  En¬ 
gineering  Division  of  National  Re¬ 
search  Corporation,  Boston,  Mass. 

Wilfred  L.  Larson  now  heads  the 
new  firm  of  Switchcraft  Inc.,  Chi¬ 
cago,  which  will  make  contact 
switches,  phone  jacks  and  plugs. 


Set  and  Cap  Screws 


ffl  numbered  sizes  ^  2  to  10 
and  I  to  10  respectively  — 
strongest  of  fine  fastenings 

Fine  in  size,  finer  in  appearance  than 
projecting  head  or  slotted  screws.  Finest 
for  durable  assemblies  because  their 
heat-treated  hex  socket-walls  allow 
tighter  set-ups  than  other-type  screws 
of  comparable  size. 

The  Set  Screws  have  die-cut  threads 
accurate  to  a  high  Class  3  fit,  with  per¬ 
fectly-formed  hex  sockets.  The  screws 
can  be  held  on  either  end  of  the  handy 
hex  keys  and  turned  into  the  tapped 
hole  without  fingering.  Allen  Hand 
Drivers  are  available  to  facilitate  fast 
assembling. 

The  Cap  Screws  are  Allen  "pressur- 
formd**  for  maximum  strength  of  head 
and  socket.  This  process  makes  the 
steel -fibres  conform  to  the  shape  of  the 
head,  —  no  cut  fibres.  Threads  also 
formed  by  pressure -process  to  a  high 
Class  3  fit,  ensuring  a  high  degree  of 
frictional  holding  -  power. 

In  radio  and  television  sets,  radio 
telephones,  radar  equipment,  elec¬ 
tronic  controls,  these  screws  HOLD 
fine  adjustments  and  intricate 
assemblies. 

Order  0/ yomr  lecal  Indmstrial  Distributor 


THE  ALLEN  MFC.  CO., 

HARTFORD  I,  CONN.,  U.  $.  A. 
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COIL 
WINDING 


Made  exclusively  for  electrical  use 
—  controlled  for  strength,  corro¬ 
sion  resistance  and  uniform  thick¬ 
ness.  Central  Electrical  paper  treat¬ 
ments  include  special  coating, 
weather  resistance,  crepeing  for 
pliability  and  non-tarnish.  Also 
custom  built  to  customers'  speci¬ 
fications. 

FREE  SAMPLES:  We  will  be  glad 
to  furnish  samples  of  Central  Elec¬ 
trical  Papers  —  write  today. 


LGiEjN)T;RA^Ll||N|Ei 


r  CENTRAL  PAPER  COMPANY 

INCOUfOKAteO 

!  2442  LAKESHORE  DRIVE,  MUSKEGON.  MICH 

orncES  IN 

I  lOSTON.  NEW  vote.  BAITIMOEE,  ROCHESTER.  CIEVEIANO 
I  CINCINNATI.  DETROIT.  CMKACO.  ST.  lOUIS.  SAN  FRANCISCO. 


electronics  —  Oc/obef,  194f 


^  This  Universal  Ostermotor 
may ‘  solve  your  Motor  Problem ! 


Specifications 

1/15  HP;  4500  RPM 
Series  Wound; 

Continuous  Duty 
115  Volts  AC  and  DC 
3-21/64"  diameter; 

4V2"  overall 
Weight  —  3  lbs.  13  02 
Type  EU-450;  Model  3 


This  high-speed  Ostermotor  gives  smooth,  vihrationless 
performonce  for  long,  trouhle-free  life  .  . . 

The  Type  EU-450  high-speed  This  is  but  one  example  of  the 
Ostermotor  (4000  to  8000  RPM  custom-built  universal  motors  we 
at  full  load)  has  high  starting  are  manufacturing.  Other  special 


torque  and  varying  speed  charac¬ 
teristics.  Light  weight  and  small,  it 
operates  on  both  AC  and  DC  and 
has  a  wide  variety  of  applications, 
such  as  small  tools  and  blowers. 


This  is  but  one  example  of  the 
custom-built  universal  motors  we 
are  manufacturing.  Other  special 
motors  made  to  order  by  Oster  are 
split  phase,  capacitor,  and  syn¬ 
chronous  induaion  motors  in  the 
1/2000  —  1/10  HP  range.  Write 
for  complete  information. 


Send  your  specifications  today  to  — 

JOHN  OSTER  MFC.  CO.,  4  Main  St.,  Racine,  Wisconsin 

Specialists  in  sp0<ial  motors  —  series,  split  phase,  capac¬ 
itor,  synchronous,  and  shaded  pole  in  fractional  hp  ratings. 


T  sen  •  «  I 


onywher*.  you'll 
save  time  by  phoning 
or  wiring  Newark 
Electric.  Tremendous, 
up-to-the-minute  stocks 
are  maintained  in  all 
three  stores. 


IF  YOUR  NEEDS  in  redio  or 


electronics  p  «  r  t  s  .  sets  or 
equipment  are  available 


it  Literature  and  full  information 
on  ANY  manufacturer's  products 
will  be  sent  promptly  on  re¬ 
quest.  Wire  or  phone  for  quick 
action. 

tk  Our  big  bargain  counters  are 
loaded  with  new  parts  and  un¬ 
usual  special  equipment.  In¬ 
quiring  minds  enjoy  these 
displays. 


COMPETENT  TECHNICAL  MEN 

handle  your  inquiries  intelligently 
and  promptly  and  can  quote  prices 
and  delivery  dates  on  specific  mer¬ 
chandise.  Orders  shipped  same  day. 
When  writing  address  Dept.  R-1 


EWATi 

ELECTRIC  COMPANY  11^ 


New  York  City  tsrenenes:  IIS-17  W.  4Sth  St. 


NEWARK 


name- 


AOOKtSS'- 


toWovrinfl- 


P  A  Oepls  » 
all  stores.  Set 
t  AppI  Depts 


NEWS  OF  THE  INDUSTRY 


(continiwd) 


plug-in  resistance  devices,  and 
small  machine  tools.  He  was 
formerly  manager  of  the  Carter 
Division  of  Utah  Radio  Products 
Co. 

M.  D.  Burns  becomes  general  man¬ 
ufacturing  manager  of  Sylvania 
Electric  Products  Inc.,  and  will 
direct  the  company’s  radio  tube 
manufacturing  operations. 

Tore  Deutschmann,  manufacturer 
of  electronic  components,  presented 
homesites  in  Honor  Village,  Canton, 
Mass,  to  19  married  local  veterans 
at  $1  per  lot  as  part  of  his  program 
for  demonstrating  the  practicabil¬ 
ity  of  local,  privately  financed,  self- 
supporting  housing  for  veterans. 


ELECTRONIC  COFFEE 
ROASTER 


Automatic  roasting  of  cofioo  complotely 
and  uniformly  is  dons  in  loss  than  two 
minutss  with  rodiont  snsrgy  by  ths  mo- 
chins  shown  with  its  insontor,  August  S. 
Torrss  of  Msdsllin,  Columbia.  Elsctronic 
slsmsnts  of  ths  unit  ars  shown  aftsr  ooTsrs 
ars  rsmoTsd 


You’ll  lower  production  costs  yet  increase 
qnali^  and  efficiency  with  DRAKE  Socket 
and  Jewel  Pilot  light  Assemblies.  Get 
the  benefit  of  our  patented  features  .  .  . 
of  high  speed  precision  methods  and 
machinery  developed  thru  15  years  of 
specialisation.  Every  conceivable  t3i>e 
offered  in  standard  and  special  designs. 
Refer  to  the  newest  DRAl^  catalog  for 
complete  information.  Do  you  have  a 
copy? 


SIX 
TIP 
STYLES 


AGAIN 

and 

.  AGAIN 

We  Hear  It  Said: 

THCRMOSTATie 

^  SOLDERING  IRONS 

ARE  THE  S£Sr 
AT  ANY  PRICE!" 


THIRMOSTATIC 
SOLDERING  IRON 


A  Division  of 

Sound  Equipment  Coporation  of  California 
3903  San  Fernando  Rd- .  Glendale  4.  Calif. 
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BATTERY  ELIMINATORS 

K>t  CONVERTING  A.C.  TO  D.C. 
N«w  Med*lt . . .  for  toftinfl 

O.C.  oloctrkol  opporotus  on  ropwlor 
A.C.  linos.  Equipj^  wMi  fulUwovo 
Ay  disc  typ*  roctifior,  cuswring  nolso* 
loss/  inter foronco-froo  operattM  and 
extreme  long  lifo  end  reliability. 

•  Eliminates  Storage  Ratterles  and 
■ottery  Chargers. 

•  Operates  the  Equipment  at  Maxi¬ 
mum  Efficiency  at  All  Times. 

•  Sully  Automatic  and  SeeURreef. 


LOW  POWER  INVERTERS 

FOR  INVERTING  G.C.  TO  A.C 
Another  New  ATR  Model . . .  designed 
for  operating  small  A.C  meters,  elec¬ 
tric  razors,  and  a  host  of  ethor  smcMI 
A.C.  devices  from  D.C.  veltagez 


STANDARD  AND 
heavy  duty  INVERHRS 

rOR  INVERTING  D.&  TO  A.C 
»P*«lally  designed  for  operating  A.C 
televislen  sets,  ompliflefe,  od- 
Aoss  systems,  and  rnsHe  test  equip 
G-C.  voltages  In  vehicles, 
I,  D.e. 

•Bincfie 

WRIT!  POR  NEW  CATAIOO— 
JUiT  Off  THt  PRISSI 


fftMERICflN  TELEVISION  &  RADIO  CO 

I  >  ' -  .  V-  ,  f .  rv  <1  J\ 

j^ST  TAtJl  >  MINN  J  j 
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Model  MCM 

LEVER  SWITCH  HAS 

Single  Hole  Mount 

The  General  Control  Company  Model  MCM 
lever  twitch  is  a  quality  product,  totted  and  ap¬ 
proved  by  leading  industries,  it  has  single  hole 
mounting,  an  anti-turn  locating  pin  can  be^rovided 
on  special  o^der — it  hat  full  throw  in  the  lock  and 
non-lock  position — a  tingle  bolt  is  used  for  contact 
assembly— it  weight  only  3^  ounces  with  12  con¬ 
tacts — it  it  rated  from  5  to  10  amperes  at  115  V. 
A.  C.,  non-inductive  load. 

By  means  of  a  stainless  steel  detent  track  insert*, 
the  Model  MCM  may  be  supplied  with  varied 
positions  such  as  (1)  lock  on  each  side  of  neutral; 
(2)  lock  one  side,  non-lock  on  other;  (3)  lock  one 
side,  no  throw  on  other;  (4)  non-lock  on  eoch  side 
of  neutral;  (5)  non-lock  one  side,  no  throw  on  other; 
(6]  two-position  operation,  no  neutral. 

Write  for  further  details  in  Engineering  Bulletin 
No.  HS1. 

*Potsnt  Psnding 

®  GENERAL  CONTROL 
COMPANY 

1202  SOLDIERS  PlILD  ROAD 
•  OSTON  34,  MASS. 


f  i  1  »1  ll  1 

H  1 

are  easily  made  with  our 


HIG^Ei 


9^ 


enKiegt'graphico 


WRITE^FOl  FUl 


materials 


It]  I  M ' J 


SOUND  APPARATUS  CO. 

233  BROADWAY  •  NEW  YORK  7,  N.  Y.* 


NEW  BOOKS 


Here'*  Your  Opportunity  to  be  First  to 


Start  Your  Own 
RADIO  SERVICE 
SHOP 


Complete  Starting-in-Bu*ine$s 
Package  Stocks  of  ^ 

TEST  EQUIPMENT 
TUBES,  PARTS,  TOOIS 

Act  aoicklyi  Meet  the  pent  up  demand  lot 
fodio  service  Turn  vour  spe'ial  service  training 
into  o  proFitable  b'isiness  of  your  own.  No  lusi 
No  worry  Here  $  everything  ycu  need — $350 
up  Details  upon  request'  Write,  wire  or  phone 


I  \  I  I  I  vy  iUrr  LT  & 

ENGINEERING  CO.,  Inc. 

127  SEIDEN  AVE  DETROIT  1 ,  MICH 


•'pocawr'  , 

VOM 

A.C-D.C.  Volts 

(kl0v60-250-1000 
0-10-100-500  D.C.MiUs 
0^00-250000  Ohms 
Sbo  3x6x2 


TRIPLETT  666H  OfOgM 

Ssme^above  plus 

Triplott  6 50SC  Output  Motor 

Ropulor  $24.50  Spodol  .  .  ^  I  0*50 

M.5-6-15-60-150  Volts.  4000  OHM  Impedtuice. 

3*  Meter  100  Microamp  movement 

Triplott  6065  .  .  Ropulor  $16.67  A  •  « 
Voltopo  A  Polority  Tostor,  Spociol  1  eVS 

Ideal  for  ^ant  maintenance  work!  Cheeks  115-220-440 
line  at  a  glance!  Indicates  AC  or  DC  visually!  Indi- 
eat«  DC  Polarity  visually! 


HALLICRAFTERS  S-38 


$39.SO 

$»40  (roplocos 

5205) 

HAMMARLUND.HQ129X  $168 

f^.W.r  Hr  HOIaVX  *10.90 


K  relisbie  ampli6er  with  2  mike  and  1  phono  inputs, 
two  12*  20  ox.  13  watt  PM  speakers  with  25'  cables, 
two  12'  walnut  7  ply  wall  baffles;  one  crystal  micro¬ 
phone  with  table  stand  and  15'  shidded  cable. 

THI  CHAUINOIRi  $69.95  Coinpl*** 

25  Watt  Sound  Systoin 

Same  as  above  except  includes  one  speaker  and  baffle. 


PHILCO  REAM  Of  LIGHT 

Maahim  Cdl  only,  no  bolder . 1 


20%  depodt  required  on  all  C.0J>.  otden.  2% 
tnmipartatkm  aUovmaee  on  ordera  of  222.00  or 
moie  aeeompanied  by  payment  in  full. 


Nucleonicg 


Based  on  Official  Material  Pre¬ 
pared  Under  the  Auspices  of  the 
U.  S.  Navy  Department.  Progress 
Press,  Washington,  D.  C.,  1946,  38 
pages,  $1.00. 

In  nontechnical,  de.scriptive 
term.s  the  fundamentals  of  nuclear 
physics  are  presented  ot  the  inter¬ 
ested  layman.  The  material  is  com¬ 
plete,  within  security  limitations, 
and  accurate.  To  those  who  remem¬ 
ber  their  hijrh  .school  physics  or 
chemistry  the  book  will  be  li$rht 
readinjr.  The  choice  of  anrrow  col¬ 
umns  and  small  type  is  unfortunate 
for  a  popular  book.  For  those  who 
wish  more  than  was  contained  in 
the  two  inserts  in  Electronics 
(Sept.  1945  and  Aug.  1946)  the 
pahphlet  is  commendable. — F.  R. 


EDITOR'S  NOTE:  Two  books  on 
piezoelectricity  have  recently  been 
published;  one  is  an  addition  to  the 
distinguished  series  from  the  Bell 
Telephone  Laboratories,  the  other 
is  a  scholarly  contribution  to  the 
International  Series  in  Pure  and 
Applied  Physics  published  by  Mc¬ 
Graw-Hill  Book  Company.  Both 
books  were  reviewed  by  the  same 
reader,  whose  evaluation  and  com¬ 
parison  follows  the  formal  reviews. 


Quartz  Crystals  for 
Mectrical  Circuits 


By  Raymond  A.  Heising.  D.  Van  Nos¬ 
trand  Co.,  Inc.,  New  York,  N.  Y.,  563 
pages,  $6.50. 

PRODUernON  and  research  leaders  of 
Bell  Laboratories  and  Western 
Electric  describe  their  experiences 
and  practices  in  producing  quartz 
crystals  for  use  in  electrical  cir¬ 
cuits.  Chapters,  written  by  special¬ 
ists  in  the  particular  subject,  cover 
specifications  of  quartz  crystal  ori¬ 
entation  as  devised  by  the  Institute 
of  Radio  Engineers,  evaluation  of 
raw  quartz  for  use  as  piezoelectric 
resonators,  and  the  processing  of 
quartz  into  plates,  including  saw¬ 
ing,  grinding,  lapping,  adjusting  to 
frequency,  and  mounting.  All  these 
subjects  will  be  of  value  to  those 
manufacturing  quartz  crystals. 

The  chapter  on  crystals  in  oscil¬ 
lators  is  of  general  interest  to  all 
circuit  design  engineers.  Of  par- 


CrafHmanthip  In  Crystals  Sines  1931 


Valpey  Crystals 


Collins 

Hallicratrers 

Horvey-Wells 

Jefferson-Travis 

Link 

Ray  Jefferson 
RMCA 

Western  Electric 


here's  Why  -  - 


IT’S  VALPEY 
in  the 

MARINE  FIELD 


The  CMl  and  other  VALPEY  crystals  offer  the 
highest  performance  available  for  all  Marine 
frequencies.  The  CMl  features  Standard  and 
GR  pins  with  exact  .875“  or  .850"  pin 
spacing.  Sealed  against  saltwater  corrosion. 
Answers  all  manufacturer's  specifications . . . 
ideal  for  replacements. 


.  .  .  and  other  standard 
marine  radio  equipment. 


VALPEY  Crystals  aK  giving  outstanding  per¬ 
formances  in  Aviation,  Commercial.  Police, 
Supersonic,  VHP  and  Amateur  applications. 
In  any  field  where  accurate  crystal  control  is 
the  aim — invariably  it's  VALPEY. 

Write  for  further  information  outlining  your 
crystals  requirements.  Our  engineers  are 
available  for  consultation. 


VALPEY  CRYSTAL  CORP. 

^  HOUlSTOlf.  MJin. 
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Talk  About 

PRODUCTION 


4#000  Parts  Per  Day 
with  M-ACRO  Bender 

Here  is  an  example  of  “DIE-LESS  DUPLI¬ 
CATING”  typical  of  a  great  variety  of 
formed  parts  readily  made  with  DI-ACRO 
Precision  Machines, — Benders,  Brakes, 
Shears.  Picture  below  shows  an  acute  right 
angle  bend  and  photograph  above  shows  the 
finished  part  formed  to  die  precision.  Women 


“Enclosed  pictures  in  our  plant  prove  the 
DI-ACRO  Bender  will  do  a  real  production  job. 
We  are  makinK  4,000  completed  parts  per  day 
which  is  competitive  to  most  Power  Presses.’’ 
(Name  on  request)  _ _  _ 


TC 

PBrmalloy 
dust  eorm 
toroids 


operating  DI-.ACRO  units 
maintain  a  high  out-put  on 
production  work. 

Send  for  CATALOG 

showing  DI--\CRO  Precision 
Machines  and  many  examples 
of  parts  made  with  “DIE- 
LESS  DUPLICATING.” 

Pronounced  "OIK-ACK-ltO” 


InductoncB  —  up  to  2  hy«. 
Froquoncy^OO  cy.  to  30.0(Klcy. 
"Q”_-55  at  1000  cy.;  150  at  3000  cy. 
List  Prico  .  .  .  from  S4.80  to  $7.80 

(UNCASEDI 

TOROIDAL  COILS 


M  NricisiOH  macmiks  ts 


FILTERS 


321  EIGHTH  AVENUE  SOUTH  .  MINNEAPOLIS  15,  MINNESOTA 


250-450  VOLTS 

f  \  ^  Wide  fields  of  application  have  been  opened  up  both  in 
V  \  research  and  industry  for  this  unit.  A-C  ripple  is  negligible 
rVsJ  and  extreme  care  has  been  taken  to  eliminate  high-fre¬ 
quency  noise.  Regulated  power  supply  vmits  are  invaluable  for 
such  applications  as  amplifiers,  television  pulse  generators, 
constant  frequency  oscillators,  and  measuring  equipment. 

Other  G-E  regulated  power -supplies  are  available  in  the  follow¬ 
ing  ranges:  180-300  volts  160-1500  vohs  Dual  Regulated 

Write  today  :  Electronics  Department,  Specialty  Division, 
General  Electric  Comjjany,  Syracuse  1,  N.  Y. 

dectroofc  Measuring  /nstrumants  £ 


GENERAL 


ELECTRIC 


-I- ; 


PeT€RseN  Radio  Companv 


7100  WIST  tHOAOWAY  miPHONI  2760 

Council  Bluffs.  Iolufv 


NEW  lOOKS  (centinirad) 

ticular  interest  is  the  introductior 
of  two  new  terms  by  which  the 
goodness  of  crystals  can  be  speci¬ 
fied.  A  figure  of  merit,  which  can 
be  readily  obtained  from  measur¬ 
able  crystal  characteristics,  is  in¬ 
dicative  of  crystal  activity.  A  per¬ 
formance  index  indicates  the  utility 
of  a  specified  crystal  in  a  given  cir¬ 
cuit.  A  later  chapter  describes  a 
test  set  for  measuring  performance 
index. — ^P.  R. 


FOR  RADIO  AND  ^ 
ELECTRONIC  APPLICATIONS 

ON  AN  ELECTRIC  GENERATING  PLANTS 
supply  reliable,  economical  electrical  service 
for  electronics  and  television  applications  os 
well  as  for  scores  of  general  uses. 

Driven  by  Onon  4-cycle  gasoline  engines,  these 
power  units  are  of  single-mut,  compact  design 
and  sturdy  construction.  Suitable 
for  mobile,  stationary  or  emer- 
gency  service. 

Capacity  raa^a:  350  to  35,000 
wotH;  115  to  AM  volts 
50  to  too  cyelos:  to  500 

volts  D.C.:  eoinbioatioo  A.C. 
— D.C.  typos. 


Piezoelectricity 

By  Walter  Gutton  Cady,  MeGraw- 
Hill  Book  Co.,  Ine.,  Now  York,  N.  Y., 
1946,  806  pay 08,  $9.00. 

Physical  properties  of  piezoelec¬ 
tric  crystals  (displaying  coupling 
between  mechanical  pressure  and 
electrical  potential  —  pronounced 
pie  -  ease'  -  o  -  electric) ,  especially 
quartz  crystals,  are  described  at 
length.  The  material  is  introduced 
with  essential  terminology  and 
theory  of  crystallography  so  that 
those  without  other  background 
than  basic  mechanics,  electricity, 
and  mathematics  through  calculus 
can  follow  the  entire  text.  For  those 
with  less  mathematics,  much  of  the 
material  will  nevertheless  be  intel¬ 
ligible.  The  author  lists  in  his  pre¬ 
face  those  sections  and  chapters  in 
which  a  general  treatment  of  phys¬ 
ics  and  applications,  elementary  and 
survey  material,  and  results  of  re¬ 
search  at  Wesleyan  University  will 
be  found. 

While  the  text  itself  maintains 
the  abstract  generality  of  basic 
physics,  it  is  augmented  by  suf¬ 
ficient  references  to  less  abstract 
works  so  that  it  forms  an  excellent 
guide  to  published  literature  on 
practices.  The  completeness  of  this 
presentation  makes  it  a  valuable  ref¬ 
erence  text.  The  nontechnical  chap¬ 
ter  on  miscellaneous  applications 
of  piesoelectricity  is  of  wide  gen¬ 
eral  interest. — T.  R. 

Evaluation  mnd  Comparison 

Both  of  the  books  just  reviewed 
cover  substantially  the  same  sub¬ 
ject,  but  in  widely  different  ways. 
The  one  is  technological,  the  other 
is  scientific.  The  technological  work 
is  the  contribution  of  sixteen  lead¬ 
ing  engineers  in  the  field;  the  sci¬ 
entific  work,  although  its  author  ad¬ 
mittedly  draws  widely  from  other 
workers,  represents  the  effort  of 


35SA  Royalstoa  Av«. 


SeaMvarihy 


On  the  hlsh  aenn,  on  the  rreat  Inkea.  on  tnkuid  waterways  ....  PK  Pre> 
elslon  CRYSTALS  are  dolnff  seaworthy  duty  In  marine  radio  Installations 
for  both  private  and  commercial  service.  TYPE  Z-1  PR  CRYSTALS  ore 
designed  for  the  rifors  of  sea  dnty.  CaUbrated  within  .0A5  per  cent  of  sped* 
Sed  frequency.  Tempmwtnre  coefBclent  less  than  2  cycles  per  megacycle 
per  decree  centlcrade.  Gasket  sealed  mountlnc,  contamination  and  salt- 
molstnra  free.  Unconditionally  guaranteed.  Available  In  H  <uid  %  Inch  pin 
spacing  ....  through  your  radio  jobber  for  quick  delivery  on  exact  frequency. 


MARINE 

CRYSTALS 
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American 

Beautu 


(XUri 


cWOMCS 


Equipment  for  Research 
Developmeirt  •  Moint^oiKe 


ELECTRIC 
SOLDERING  IRONS 

are  sturdily  built  for  the  hard  usage  of 
industrial  service.  Have,  plug  type  tips 
and  are  constructed  on  the  unit  system 
with  each  vital  part,  such  as  heating  ele¬ 
ment,  easily  removable  and  replaceable. 
In  5  sizes,  from  50  watts  to  550  watts. 
• 

TEMPERATURE 
REGULATING  STAND 

This  is  a  thermostatically  controlled  de¬ 
vice  for  the  regulation  of  the  tempera¬ 
ture  of  an  electric  soldering  iron.  When 
placed  on  artd  connected  to  this  stand, 
iron  may  be  maintained  at  working  tem¬ 
perature  or  through  adjustment  on  bottom 
of  stand  at  low  or  warm  temperatures. 


ALLIED  RADIO  CORPe 

833  W.  Jackson  Blvd.,  Dept.  24-K-6,  Chicago  7,  Illinois 


ALLItU 

CATALOG 


AMERICAN  ELECTRICAL 
HEATER  COMPANY 

DETROIT  2,  MICH.,  U.  S.  A. 


i 


Also  manufecturers  of  high 
grade  cotton  and  silk  cov¬ 
ered  wires,  cotton  and  silk 
coverings  over  enamel  coat¬ 
ed  wires,  and  all  constnic- 
H  tions  of  Lit!  wires.  A  variety 

I  of  coverings  made  to  cus¬ 

tomers'  specifications,  or  to 
requirements  determined  by 
our  engineers.  Complete  de¬ 
sign  and  engineering  facili¬ 
ties  are  at  your  disposah 

I  details  and  quotations  on 

I  request. 


ENAMELED 

MAGNET 

WIRE 

A  product,  resulting  from  many  years  of 
research  in  the  field  of  fine  wire  many* 
facture,  that  meets  the  most  rigid  ro- 
guirements  of  radio  and  Ignition  coils. 

A  new  coating  method  gives  a  smooth, 
permanently  -  adherent  enameling,  and 
mercury-process  tests  guarantee  perfect 
uniformity.  Great  flezibllity  and  tensile 
s^ength  assure  perfect  laying,  oven  at 
high  winding  speeds.  If  you  want  re- 
du^ion  in  coil  dimensions  without  sacri¬ 
ficing  electrical  values,  or  seek  a  uniform, 
leakproof  wire  that  will  deliver  extra 
years  of  service,  this  Hudson  Wire  prod¬ 
uct  is  the  answer. 


HIDSOUIBE  eO. 


WINSTED 


CONNECTICUT 


Largest  Stocks  *  Complete  Service 
From  one  Central  Supply  Service 


Leading  industrial  and  engineering  firms  depend 
on  the  ALLIED  Catalog  as  their  Buying  Guide 
for  everything  in  radio,  electronics  and  sound. 
Lists  more  than  10,000  quality  items  .  .  .  radio 
and  electronic  parts,  vacuum  tubes,  tools,  test 
instruments,  audio  amplifiers,  accessories  .  .  . 
complete  lines  stocked  by  a  single  reliable  source. 
Try  ALLIED’S  expen,  specialized  industrial 
service.  Send  for  FREE  Catalog  now! 


Sound  Equipment 


See  ALLIED’S  wide  seleaion 
of  Intercom,  Paging  and  Pub¬ 
lic  Address  systems.  Models 
for  every  industrial  purppse. 
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(continued) 


NEW  tOOKS 


PRECISION  PARTS 


the  outstanding  investigator  in 
the  field  of  piezoelectricity.  The 
technological  work  suffers  seriously 
from  lack  of  references;  the  scien¬ 
tific  book,  being  a  highly  scholarly 
presentation,  is  well  documented 
and  lists  numerous  references — in 
fact,  the  author  seems  reticent  on 
those  points  he  considers  to  have 
been  already  adequately  presented 
elsewhere,  and  just  gives  the  refer¬ 
ence.  The  immediately  usable  tech¬ 
niques  described  and  illustrated  in 
the  technological  book  made  it  ob¬ 
viously  useful  to  workers  with  and 
users  of  quartz  crystals.  The  funda¬ 
mental  information  of  the  scientific 
book  will  be  sought  by  design  and 
developmental  engineers  and  scien¬ 
tists,  although  others  will  want  to 
refer  to  portions  of  it.  Considered 
together,  the  two  volumes  supple¬ 
ment  each  other;  Professor  Cady 
presents  the  phenomena,  and  the 
Bell  Laboratory  staff  describes 
methods. — ^F.  R. 


PRECISION 

CENTER 


^  WORKS  LIKE  A 
¥  SCREW  DRIVOl 

Speeds  Predectiou/ 


1  ifci.sioii-Tornifu  parts  r«*<juin*  prtH-ision- 
inade  centers,  custoin-lniilt  to  tit  siK*cial 
nia<‘lnnery.  I'liost*  shown  here  are  typical 
<»f  the  work  that  ha.<  won  Ace  a  reputation 
as  a  <vnter  for  precision. 

Starting  with  .sjM'cial  heat-treat  able 
.stt*i'l,  the  60“  angle  is  preformed  and  the 
tiny  piece  cut  off  to  size.  In  our  own  heat- 
tr<*ating  department,  each  individual  cen¬ 
ter  i.s  heat-treated  to  Rockwell  C  62-64. 
The  finishing  operations  .  .  .  the  pnxhn*- 
tion  of  diameters  and  tapers  .  .  .  are  then 
jH^rformed  by  a  combination  of  cent<*rle.s> 
and  cylindrical  grinding.  The  availability 
of  lK>th  type’s  of  grinding  at  .\<*«‘  makes  it 
po.ssible  to  turn  out  thi's**  paM-es  fa-M  and 
ceonomically. 

This  is  one  of  many  e^anlple^  of  tin*  fine 
pnM*ision  work  .\ce  delivers  on  .■'inall  part> 
and  :is.semblies  that  inv(*lve  stamping, 
machining,  heat-tn.‘ating  and  grimling. 
-tee  offers  manufacturers  the  compUte 
nnidern  facilities  and  the  managerial 
know-how  to  turn  out  such  parts  quickly, 
accurately,  and  in  mas.s-pr(Mluction  quan¬ 
tities.  .'Nend  us  a  sample  or  blueprint  for 
prices  and  ideas. 


Standard 
Sizes^  Hex, 

Square  or  Knurled, 

Chuck  Type  with  many 
Tools  for  many  uses 
Radio  and  Electrical  Shop: 
Need  them 


Reference  Data  for  Radio 
Engineers 

Published  by  Federal  Telephone  ana 
Radio  Corporation,  67  Broad.  St., 
New  York  City,  second  edition,  1946, 
336  pages,  $2.00. 

The  success  of  the  first  edition  of 
this  radio  handbook,  of  which  over 
50,000  copies  w'ere  sold,  prompted 
this  revised  and  enlarged  new  edi¬ 
tion  having  186  more  pages  and 
more  than  twice  as  many  illustra¬ 
tions.  The  format  is  new  and  mod¬ 
ern  and  a  complete  subject  index 
has  been  added.  New  chapters  have 
been  added  covering  transformers 
and  room  acoustics.  Data  on  radio 
propagation  and  radio  noise  has 
been  rewritten  with  special  empha- 
on  practical  aspects,  cathode- 
rii.v  tube  data  has  been  expanded, 
many  equations  and  illustrations 
have  been  added  to  the  section  on 
wave  guides,  and  mathematical  for¬ 
mulas  have  been  expanded.  Design 
data  covers  rectangular  electro¬ 
magnetic  horn  radiators  and  gain 
of  a  paraboloid  reflector,  and 
the  newest  method  of  determining 
optimum  short-wave  frequencies 
for  propagation  over  specific  dis¬ 
tances  is  given.  Just  as  in  the  first 
edition,  chapter  1  with  genersd  in¬ 
formation  and  chapter  2  with  engi¬ 
neering  and  material  data  are  high 


SNNTITE 
T-8  SET  WiHi  Stand 

7  Popular  Sixes 
Plastic  Handles 


Send  for  your  copy  today. 


St»4  far  N«. 

141  pictanay  a  tall  lin« 
a(  Aatawabite,  Aircrati 
aae  Radia  Ta^. 


for  Precision  Parts 

1255  E.  ERIE  AVE..  PHILADELPHIA  24.  PA 
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Announcing 


COUNT  AND  CONTROL  FAST! 


an  important  contribution  to  a 
subject  of  widespread  interest  in 
modern  physics.  . .  . 

Just  Published 

WAVE 

PROPAGATION 
in  PERIODIC 
STRUCTURES 

Electric  Filters  and  Crystal  Lattices 

By  LEON  BRILLOUIN 

Professor.  College  de  France,  Paris 
Applied  Uatbematica  Group;  Columbia  Unlrerelty 
Vice  President,  Ecole  Ubre  dee  Hautes  Etudes. 

New  York 

247  paaes.  SU  x  S'/s,  138  •turet.  $4.00 

lateraatienal  Series  in  Pure  and  Appiied  Physics 
This  volume  makes  an  unusually  valuable  contribution  to 
the  literature  in  tbeoretlcal  physics.  It  presents  a  tiior* 
ougb  study  of  wave  propagation  in  t>er iodic  structures. 
Including  not  only  iwllds.  but  also  electrical  circuits  of 
various  types.  The  book  lucorporatea  a  variety  of  prob¬ 
lems  linked  by  a  common  mathematical  backgrouiul  ex¬ 
tending  from  electrical  engineering  to  elect  romagnetism 
and  wave  mechanics  of  the  spinning  election. 

Authoritatively  discussed  in  this  important  iHsik  are 
problems  dealing  with  periodic  structures  of  vaiious 
kinds,  which  Invariably,  whether  they  are  elect lic  lines 
or  crystal  lattice.s.  behave  like  band-pa>.<,  filters.  The  ex¬ 
planations  apply  to  electric  inters,  rest-rays,  anomalous 
optical  reflections,  selective  reflection  of  X-rays  or  elec¬ 
trons  from  a  crystal.  a.s  well  as  to  problem.^  regaidlng 
omlsaloo  of  energy  dissipation,  a  wave  striking  from  the 
outalde,  and  frequeno'  falling  in.>ide  a  stopping  hand. 

Read  tkl$  list  of  chapter  headings: 

1—  Elastic  Waves  in  e  Ons-dimsiisional  Lettica  ef  Point 
Masses:  Early  Work  and  Introductien 

2 —  Propagation  of  Waves  alone  One-dimensional  Lattices. 
Gsasral  Results  and  Qualitative  Oitcusslon 

3 —  Matkeaiatical  Treatment  ef  a  One-dimensienal  Lat- 
tlea  of  Identical  Particles 

4 —  Matkamatieal  Treatment  of  More  Complicated  One- 
dlmaaslenal  Lattices 

5 —  Eaargy  Vaiocity,  Energy  Flow,  and  Characteristic 

Impedanee 

8—  Two-diaiontional  Lattices 

7— Threo-dieiensionel  Lattice 

$— Mathleu’s  Equation  and  Related  Problems 

9 —  Metrtcoe  end  the  Propagation  of  Waves  along  an 
Eleetrle  Lino 

ID— Coatlauaus  Electric  Lines 

Pxamlae  the  Book  10  Days  FREE 


MeQraw.Hill  Book  Ce..  330  W.  42  St..  NYC  IS  ■ 

Seod  me  Brlllouin's  Wave  Prepegetion  in  Periodic  ■ 
Struct uroe  for  10  days’  examination  on  approvaL  S 
In  10  days  I  will  send  $4.00.  plu.e  few  cents  post-  J 
age.  or  return  book  postpaid.  (Postage  i<aid  on  ■ 
cash  orders. )  S 

• 

Name  .  ! 


City  and  State 
Company . 


:  Poeltloa . L-10-.36 

■  (For  Canadian  price,  write  Embaivsy  Itook  Ca.  11 
2  Richmond  8L  £..  Toronto.  1) 


dum 


A  time  and  ^ 

^  ^ — .  money-saving  instrument 

•  For  procoeees  requiring  a  rapid-  •  For  accurate  control  oi  length 

ly  repaated  operation  to  occur  and  apocing  of  alide  iostenari. 

alter  a  pradelennined  number  of  •  For  uea  in  outomotic  packaging 

counts!  of  obiects  puch  cu  buttons  and 

•  For  counting  ond  stocking  sheat  pilla. 

mala!.  •  And  for  many  other  operotioad 

throughout  industry. 

This  instrument  uses  three  to  tour  standard  Potter  4-tube  counter  decade 
circuits  arranged  to  give  two  independent  predetermining  channels  in  which 
any  number,  from  0  to  10.000,  may  be  initially  set  up.  Each  channel  is  alter¬ 
nately  pre-set  to  the  desired  predetermined  number  by  automatic,  self-con¬ 
tained  circuits  at  a  speed  not  cbtainable  with  predetermined  mechanical 
counters  The  input  is  arranged  for  operation  with  either  make-contacts  or 
sharp  negative  pulses  Input  frequencies  may  be  in  excess  of  1000  cycles 
per  second  The  output  includes  an  ultra-high  speed  relay  with  single  polo 
double  throw  contacts  The  standard  unit  may  be  ordered  for  a  total  count 
capacity  of  1000  to  10,0(X]  with  either  the  single  or  dual  predetermining  chan- 
Vnels  Other  count  car>acities  on  special  order.  Write  for  additional  details. 


capacity  of  1000  to  10,0(X]  with  eithe 
/ 'V  \nels  Other  count  car>acities  on  sp 

fumj 


ELECTRONIC  COUNTER  PRODUCTS 


FLUSHING.  NEW  YOklC 


BURNDY 


HYLUGS 


^ooo  P** 


pneumatic  HY- 
iliustrated,  one 


With  the  Burndy 
PRESS  YIONCP 

operator  attaches  up  to  1000 
Hytugs  per  hour.  Compare  with 
your  present  production  rote! 
Hylugs  ore  one  piece,  pure  copper 
construction.  When  indented  to 
conductors  the  Burndy  way  they 
moke  permanent,  low-r resistance 
connections.  Hylugs  ore  stocked 
in  oil  types  and  sizes  for  small 
wires.  Indenting  tools  for  large  or 
small  runs.  Write  for  Hydent 
Catalog  today. 

BURNDY  ENGINEERING  CO.,  Inc 

t07  Bruckwer  Blvd.,  New  York  54,  N  Y. 

In  Canada:  Canadian  Line  Materials,  Ltd., 
Toronto  13. 


ELECTRONICS  — Ocfofcer.  1946 


293 


NEW  lOOKS 


(continued) 


The  Model  81  Termaline  is  de> 
signed  to  serve  as  a  matched  load 
which  dissipates  all  power  ap> 
plied  to  it.  Featuring  very  low 
VSWR’s,  the  Termaline  is  very 
useful  in  measurement  work  at 
VHF-UHF-SHF. 

Frequency — ^Zero  (d-c)  to  4000  me.  • 
lupttt  Impedance — ^51.5  ohms  •  Power 
Capacity — ^50  watts  continuous,  higher 
powers  for  short  periods  •  Fittings — 
AN  Type  UG*23  female  coupling  for 
RG>8,  9  and  equivalent  •  Pbyticed  Di¬ 
mensions— (OyttaU)  StVs"  Lx  5"  Hx 
2y%"  W.  •  F/mmIh— Platinum  gray  with 
chrome  trim.  Collapsible  handle. 

APPLICATION 

1.  As  an  impedance  sundard  for  accuracy 
and  repeatability  in  VHF-UHF-SHF 
measurements. 

2.  General  use  as  a  non-reactive  termina¬ 
tion  for  r-f  lines. 

3.  As  a  dummy  load  while  tuning  up 
transmitters. 

4.  In  conjunction  with  the  sloned  line  for 
measurement  of  VSVdl,  eliminates 
the  usual  necessity  of  matching  trans¬ 
formers  and  tuning  stubs. 

3.  Checking  impedance  in  antenna  to 
line  match. 


■IRD  ILECTRONIC  CORPORATION 


in  reference  value  because  the  data 
they  contain  cannot  generally  be 
quickly  found  in  the  average  engi¬ 
neer’s  library  yet  is  often  badly 
needed.  All  in  all,  the  book  does 
credit  to  its  publisher  and  to  the 
many  FTR  engineers  and  editors 
who  worked  on  it. — J.  M. 


An  Index  of  Mathematical 
Tables 

By  A.  Fletcher,  J.  C.  P.  Miller, 
AND  L.  Rosenheao,  University  of 
Liverpool,  McGraw-Hill  Book  Co., 
Inc.,  New  York,  and  Scientific  Com¬ 
puting  Service  Ltd.,  London,  1946, 
450  pages,  $16.00. 

The  accumulation  over  the  years 
of  mathematical  tables  and  the  in¬ 
creased  reliability  of  calculating 
machines  have  made  numerical 
mathematics  scientifically  and  en¬ 
gineering  important.  An  up-to- 
date  index  to  the  more  useful  ta¬ 
bles  has  been  needed  for  some 
years,  and  is,  as  D.  R.  Hartree 
writes  in  his  forward  to  this  work, 
“of  great  value — ^both  to  users  and 
to  makers  of  mathematical  tables.” 
The  index  is  intended  as  a  working 
tool,  not  as  a  definitive  or  historical 
catalogue ;  in  it  are  listed  the  ranges 
and  means  of  interpolation  of  num¬ 
erical  tables  of  mathematical  func¬ 
tions.  The  index  admirably  fills  its 
purpose ;  it  will  be  a  welcome  refer¬ 
ence  guide  in  university  and  indus¬ 
trial  libraries  and  on  the  desks  of 
those  specializing  in  numerical  com¬ 
putation.  The  work  was  conceived 
prior  to  the  recent  war,  executed 
with  thoroughness,  brought  to  fru¬ 
ition  despite  wartime  disruption  of 
university  scholarship,  and  pub¬ 
lished  by  L.  J.  Comrie  of  Scien¬ 
tific  Computing  Service. — ^P.  R. 


Calculus 

By  Frederic  H.  Miller,  Professor 
of  Mathematics,  The  Cooper  Union 
School  of  Engineering.  John  Wiley 
&  Sons,  Inc.,  New  York,  1946,  sec¬ 
ond  edition,  416  pages,  $3.50. 

The  second  edition  of  this  calculus 
text  designed  for  mathematics  and 
engineering  students  exhibits  no 
marked  change  from  the  original. 
Some  problems  have  been  revised. 
Articles  on  graphical  integration 
and  approximate  integration  have 
been  added  for  their  utility.  A  sum- 
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CELLS 


j  Mony  Stondard  Mountings. 


In  addition  to  the 
housed  model  shown 
hen,  with  its  plug-in 
contacts,  Bradley  also 
offers  tube  socket,  nut- 
ai^-bolt  types  and  pig¬ 
tail  contact  mountings. 

The  shapes  of  Lux- 
cron  photocells  vary 
from  circles  to  squares, 
with  every  in-between 
slupe  desirecL  Iheir 
sizes  range  from  very 
small  to  the  largest 
requirecL 

For  direa  cemversion 
of  li^t  into  electric 
energy,  specify  Brad¬ 
ley's  f^tocells.  They 
are  rugged,  li^tweight 
and  crue-co-ratiog. 


Illustrated  literature, 
available  on  request, 
shows  more  models  of 
Brodley  photocells,  plus 
a  Hne  of  copper  oxide 
and  selenium  rectifiers. 
Write  for  ’The  Bradley 
Une" 


BRADLEY 


LABORATORIES,  INC. 


82  Meadow  St,  New  Haven  10,  Conn 


m 
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"Hard  to  Get" 

ELECTRONIC 

and 

RADIO  SUPPLIES 

Af  Great  Saving 

We  have  on  hand,  a  large  stock 
of  "hard-to-get”  electronic  and 
radio  supplies,  made  to  high 
specifications  and  at  a  fraction 
of  manufacturers'  cost.  Some  of 
the  items  are  as  follows: 

AUDI8  INTERSTAGE  TRANSFORMERS 

Tri»de  plate  to  grid  1:3  ratio.. $  .85 
Triode  plate  to  grid  1:2  ratio.. $  .75 

I  OUTPUT  TRANSFORMERS 

Output  Transformers  Single 
25A6,  45,  117L7 . 1  .60 

Output  Transformers  Single 
1LB4,  1T5,  38 . 60 

!  Output  Transformers  Push  Pull 
I  2 A3,  6L6,  48 .  1.05 

I  Output  Transformers  Push  Pull 

35A5,  45,  117N7 .  1.05 

,  Output  Transformers  Push  Pull 
25  A6,  43,  30,  49 .  1.05 

Output  Transformers  Push  Pull 
2A5,  6F6,  42 .  1.05 


Micro  Switches,  yellow  back. 

H  P.8.T . »  .15 

Potentlometem:  all  ohmages; 

slotted  and  long  shafts . |g 

4  Conductor — black  plastic  cov¬ 
ered  cable— suitable  for  Inter- 

comms  . per  ft.  .08 

Motors  *7  Volts;  D.C.  1/10  H.P. 
Mica  Sheets,  30x86 
Transmitting  condensers;  a  large 
variety  of  capacities  and  voltages 
Bathtub  condensers:  variety  of  ca¬ 
pacities  and  voltages 
Resistors  insulated  carbon— all  ohm- 
ages  and  wattages 
Resistors  wire  wound — all  ohmages 
and  wattages 

Meters  a  large  stock  of  volt  and 
millimeters 


Invite  your 

Inquiries  for  Requirements 

EDLIE 

ELECTRONICS, 

INC. 

135  Liborfy  St.  Dept.  E  New  York  6,  N.  Y. 

Phone  BArclay  7-48M 


h. 


Don't  Overtook  CT.C’s  New 
l-F  Slug  Tuned  INDUCTOR 

This  compact,  easy-to-mount 
LS-3  coil  is  available  in  four  wind¬ 
ings  (see  below).  Total  possible 
frequency  span  is  from  Yz  me.  to 
better  than  150  me.  You'll  find 
them  ideal  for  many  applications. 

The  chart  gives  the  individual 
characteristics: 


Q 

DC 

RESiSTANCE 

inductance 

VARIATION 

OF 

MDUCTANCE 

TYPE  & 
SIZE  OF 
WIRE 

NO.  OF 
TURNS 

TYPE  OF 
WINDINC 

1  mug. 
unit 

56 

18.1 4  ohm 
©23*C 

420  micro- 
hunriut  ±  5% 

325  to  750 
miqolwnriut 

138  SCE 

198 

Multiplu 

to  m«g. 
unit 

44 

1.90  ohm 
©19.5‘C 

8.4  micro- 
hunriu*±5% 

475  to  14.25 
microhenrius 

138  SCE 

24.5 

Muiliplu 

80  mug. 
unit 

46 

.126  ohm 
@20*C 

07  micro- 
hunrius  ±  5% 

.350  to  1.0 
microhufiriut 

/28  E 

7 

Single 

layer 

60  mug. 
unit 

46- 

50 

.126  ohm 
@20’C. 

■061 

.1 02  micro- 
hunriut±5% 

.065  to  .095 
microhunriut 

/28  E 

2 

Single 

layer 

If  these  3tandard  LS>3  don’t  meet  your  requirements, 
see’ll  he  pleased  to  submit  quotations  .on  coils  built 
to  your  specifications.  Write  lor  C.T.C.  Catalog  No.  100. 

CAMBRIDGE  THERMIONIC  CORPORATION 

439  Concord  Avenue  •  Cambridge  38,  Moss. 


Miniature  Dummy 
Tubes 


This  Assembly  Fixture 
Cuts  Manufacturing  Costs 

•  Assembly  emd  wiring  time  ore  reduced  because 
the  position  of  the  chassis  is  instantly  adjustable  lor 
each  operation. 


•  Operators  do  better  work  with  less  fatigue, 
thereby  minimising  costly  trouble  shooting. 

•  One  fixture  investment  serves  for  all  models 
since  each  fixture  is  adjustable  to  various  chassis 
sixes. 


PRODUCTION  EQUIPMENT  CO. 

OYSTER  BAY,  LONG  ISLAND  NEW  YORK 


Miniature  Dummy 
Tube  Pin 
Sfraighfeners 
Masking  Plugs 
Coil  Winding 
Machines 
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Inductor  Coil  Headquarters 

737  Fairfield  Ave.,  Upper  Darby,  Pa 


NEW  BOOKS 


mary  of  integrating  processes  a 
list  of  miscellaneous  integrals  a 
theorem  on  moments  of  inertia,  and 
several  formulas  of  algebra,  geom¬ 
etry,  and  trigonometry  serve  to  in¬ 
crease  the  practical  value  of  the 
text.  Symbols  have  been  standard¬ 
ized  in  conformity  with  current 
scientific  writing.  The  physical  ap¬ 
pearance  of  the  pages  is  clean,  with 
graphical  representations  heavy 
and  distinct. — A.  A.  MCK. 


the  Minimotor. 

the  AIni  Corporation  is 
pleased  to  announce  the 
availability  of  the  low¬ 
est  practical  current 
consumption  D.C.  motor 
in  the  world. 

the  motor  of  an  entirely 
new  principle!  No  rotat¬ 
ing  windings. 

the  motor  that  can  oper¬ 
ate  on  as  little  as  thirty 
milliwatts  power. 

the  motor  that  is  ideal 
for  saving  current  where 
power  supply  is  an  im¬ 
portant  factor. 

the  motor  that  has 
countless  applications  in 
the  miniature  horse¬ 
power  field. 

'  the  motor  that  may  well 
be  the  answer  to  your 
problem. 

'  the  Minimotor. 

Outline  your  specific  ap¬ 
plications  and  require¬ 
ments  to  our  Special 
Projects  Division. 


Electric  Motor  Repair 

By  Robert  Rosenberg.  Murray  HUl 
Books,  Inc.,  New  York  16,  N.  Y., 
1946,  570  pages,  $5.00. 

Instructions  for  repairing  prac¬ 
tically  all  types  of  a-c  and  d-c  mo¬ 
tors  are  given,  with  rewinding  in¬ 
structions.  The  book  is  useful  to 
factory  technicians  or  engineers 
who  have  to  repair  a  motor,  despite 
the  fact  that  it  was  prepared 
primarily  for  vocational  school  stu¬ 
dents,  appliance  servicemen,  and 
beginners  desirous  of  entering  the 
motor  repair  field.  The  binding  is 
unique  to  say  the  least,  with  all  il¬ 
lustrations  in  one  spirally  bound 
section  and  all  text  in  another  spiral 
binding.  The  two  bindings  in  turn 
are  joined  by  heavy  paper  that 
serves  as  the  outer  jacket  when  the 
book  is  closed;  when  open,  four 
pages  are  visible  at  once,  with  all 
pages  lying  flat  for  convenient 
reference  on  the  workbench.  How 
well  this  tricky  binding  will  stand 
up  under  shop  usage  remains  to  be 
seen. — j.  M. 


#  Direct  ^ 
Mounting  of  Coil 

#  eliminates  Wiring  •  •  • 

#  Reduces  Tuned  Circuit 
Lead  Lengths  to  an 
Absolute  Minimum 

'Radically  different"  a  few  years  ago, 
B  &  W  Type  CX  Variable  Capacitors  with 
their  perfect  design  symmetry  are  now 
standard  in  much  of  the  finest  transmitting 
equipment  coming  on  the  market. 


Unique  design  resulting  from  split  stator 
and  butterfly  rotor  permits  mounting  fa¬ 
mous  B&W  Inductor  Coils  directly  on 
capacitors  for  an  absolute  maximum  of 
efficiency.  ^ 

Opposed  stator  sections  provide  desirable 
short  R-F  paths.  Butterfly  rotor  construc¬ 
tion  permits  grounding  rotor  at  the  center 
R-F  voltage  point  with  respect  to  stator. 
Built-in  neutralizing  capacitors  can  be 
mounted  on  end  plate. 


Understanding  Microwaves 

By  Victor  J.  Young.  John  F.  Rider 
Publisher,  Inc.,  New  York  16,  N.  Y., 
1946,  385  pages,  $6.00. 

The  title  of  this  book  tells  most 
succinctly  the  author’s  aim — to 
make  clear  the  new  field  of  micro- 
waves  which  the  war  has  brought 
upon  us.  Such  an  aim,  imposed  by 
the  author  on  himself  is  no  light 
task  since  the  phenomena  and  the 
concepts  which  one  will  meet  on 
wavelengths  shorter  than  10  centi¬ 
meters  require  totally  new  thinking 
from  the  days  when  two  conductors 
were  necessary  to  “complete  the 
circuit.”  In  spite  of  the  difliculties 
of  really  explaining  Maxwell’s 
equations,  Poynting’s  vector.  Gauss’ 


Standard  types  for  powers  of  500,  750  and 
1,000  watts.  Write  for  B&W  Type  CX 
Capacitor  Catalog  75-C. 
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AMERICUI  GAS  &  CHEMICAL  CO. 

HAJtRIS^I.  MEW  lERSET  •  Conlractod  Coaplato  Svnric*  on  AU  6mm 


RAOIONIC  EQUIPMENT  CO. 

170  NatMu  St..  0«pt.  4010.  New  Yerk  7.  N.  Y.  ^ 

Plense  send  me  a  FREE  cow  of  your  1947  \ 

CaUlec.  I  understand  it  hM  thousands  of  \ 

items  illustrated,  described  and  priced  and  v 

will  be  a  great  help  to  me  in  my  search  for 
"hard-to-flnd”  radio  equipment.  ^ 


ELECTRONICS  —  Oe#oi>«r,  t946 


HELIUM 
XE 


HYDROGEN 
NITROGEN-OXYGEN 


COMPLETE 
GAS  PRODUCTION 
PLANTS  INSTALLED 
FOR  LOWEST  COST 
OPERATION  .  .  . 


FORMING  MIXTURES 
CARBON  DIOXIDE 
ACETYLENE 

HIGHEST  QUALITIES  •  ANT  QUANTITT 
DELIVIRID  ANTWHEHE 


Optical  Glass 
Specialties 


SIGNAL  THACG  t»it4  n  "Peescd?'’ 


pROVAC 

/fduwtora  E  D I P  R  0  B  E 

V  W  .teA _ ?l  AL.?_  AP _ I _ 


Television  Reflectors 


Precision-polished  optical 
face  plates  for. cathode  ray 
tubes 

Optical  lenses,  prisms 
and  flats 

FS  Precision-Bore  Glass  Tubes 
with  bore  exact  within  .0002" 

Contact  us  for 

such  requirements 

FISH-SCHURMAN  CORPORATION 
230  East  45tb  St..  N«w  York  17.  N.  Y. 


a*P#ncil-thin  RE  probe 

The  PROVAC  eUctronic  vacuum  tube  volt-ohmmeter 
permits  the  laboratory  engineer  and  radio  service  tech* 
nieion  to  measure  every  voltage  required  in  the  design 
i  laboratory  and  radio  servicing. 

Measure  R.F.  with  the  some  ease  as  measuring  O.C.  with 
development  in  R.P.  probes.  It  is  no  longer 
necessary  to  guess  at  which  point  the  signal  stops. 

I  I  —  I  DC  Ranges:  0  to  3- 10- 30- 1 00- 300  and  1,000  volts.  All  ranges 
\  hove  a  constant  input  resistonce  of  11,000,000  ohms.  Accuracy 
3%  ± 

jk  AC  Ranges:  0  to  10-30- 100-300  and  1,000  volts.  Sensitivity: 

5  j  1,000  ohms  per  volt.  Accurocy  5%  ± 

f  ~  I  Electronic  Okmisieter  Ranges:  0-1,000  ohms,  0-10,000  ohms, 

h  up  £  0-100,000  ohms,  0-1  megohm,  0-10  megohms,  and  0-1,000  meg- 

B  ohms. 

R.P.  Voltage  roeges  0/3-10-30-50  Volts  to  be  meosured  on  100 
Volt  range. 

fridge  Amplifier  Circuit  Meter  individuolly  colibrotad  for  use  with  set  of  test 
leods,  signal  trocer  probe  and  batteries. 

foataras  of  fko  EOfFROIF  . 


•  Smallest  R.F.  probe  mode.  •  Con  be  used  for  meosuring 

•  Frequency  range  40  Cycles  to  decibels. 

•  Hfirtiv?  e*lS2rt7Mdin9: 

3  mmf.  ond  I  megohm.  circuit. 

•  Can  be  used  os  on  output  •  Works  with  any  standard 

meter.  Y.T.Y.M. 

PROVAC 

Model  ED  100  tCQSO  VTVM  Model  100  CCOSO  fOIFROfE  <Qg5 
(with  EOIFROIE)  .  30  (without  probe)..  •UZ  (JIF  Probe)  0 
Jobbers  and  deolers  write  tor  eiclusiva  Territory  Distribution. 

Orders  addressed  to  us  will  be  credited  to  your  nearest  dealer. 

Write  Dept.  EJ  for  FREE  Technical  Manual 


ELECTRONIC  DESIGNS,  Inc, 


RVIN&TON  NEW  ^ORK 


as  a  source  of  pre- 
cislon-made 
WASHERS  and 
STAMPINGS 
manufactured  to 


CUP  WASHERS  nnanutacTured  to 
for  Binding  Screws  y®'"’  specifications 

^  WHITEHEAD  STAMPING  CO. 

wnlinu) 


1691  W.  Lafayette  Blvd. 


Detroit  16,  Michigan 


svjncHts 

fr. 
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NEW  lOOKS 


Complete 

plastic 

fabrication 


theorem,  the  curl,  divergence,  and 
gradients  of  vector  analysis,  the 
author  has  packed  much  meat  into 
his  book,  meat  that  has  been  pre¬ 
digested  about  as  much  as  seems 
possible.  Newcomers  to  the  field  of 
microwaves,  with  minds  untram¬ 
meled  by  old-fashioned  ideas  of  the 
way  electric  energy  should  behave, 
will  have  less  trouble  with  the  con¬ 
cepts  described  than  will  those  who 
are  already  familiar  with  radio,  but 
oldtimers  will  find  much  in  this 
book  that  is  good  for  them  and  com¬ 
paratively  easy  to  take. 

In  addition  to  basic  concepts,  the 
reader  will  learn  a  great  deal  about 
resonant  cavities,  waveguides,  mi¬ 
crowave  oscillators  and  all  the 
minutiae  of  a  new  art. — K.  H. 


0^£R00r 


Printloid’s  versatility  in  plastic 
fabrication  is  responsible  for 
production  of  a  variety  of  plas¬ 
tic  material  and  design — three 
of  which  are  pictured  here  .  .  . 

*  Two  distinctive  radio  dial  win¬ 
dows,  one  formed  of  Vinylite, 
the  other  of  Cellulose  Acetate. 

*  A  Lamacoid  radio  dial,  silk- 
screened  in  two  colors. 

Consult  with  our  design  staff 
now. 


Capacitors — ^Their  Use  in 
Electric  Circuits 

By  M.  Brotherton,  Bell  Telephone 
Laboratories.  D.  Van  Nostrand  Co., 
Inc.,  New  York,  N.  Y.,  1946,  107 
pages,  $3.00. 

A  BRINGING-TOGETHER  for  quick 
reading,  as  on  railroad  trains,  of  a 
host  of  basic  practical  factors  that 
should  be  understood  when  choos¬ 
ing  from  the  multiplicity  of  capaci¬ 
tor  styles  now  on  the  market.  After 
a  brief  introductory  history  cul¬ 
minating  in  the  conclusion  that  the 
making  of  capacitors  has  grown  to 
be  a  major  branch  of  the  electrical 
art,  there  is  a  highly  interesting 
discussion  of  the  problems  of  the 
harassed  capacitor  specialist  whose 
unavoidable  packages  of  micro¬ 
farads  are  allotted  space  on  a  chas¬ 
sis  only  with  greatest  reluctance. 
Counteracting  the  tsrpical  radio  re¬ 
pair  manual’s  first  advice  to  “check 
the  capacitors”,  the  author  brings 
forth  the  theme  of  his  entire  book 
— that  capacitors  rarely  fail  when 
the  operating  conditions  have  been 
intelligently  analyzed  and  specified. 
In  most  cases  the  responsibility  lies 
rather  with  ignorance,  careless¬ 
ness,  or  an  uneducated  sense  of 
economy. 

In  general,  this  little  volume 
gives  instructions  for  tempering 
the  generous  optimism  that  some¬ 
times  crops  up  in  trade  catalogs. 
Two  chapters  tell  in  detail  how 
capacitors  behave  under  direct  volt¬ 
age  and  under  alternating  voltage 
(with  a  bit  of  math  thrown  in  here 


Write  for  our  new  1946  catolog  of 
special  plastic  fabrications. 

The  House  That  Plastic  Built*’ 


DIVISION 


CARTER  RADIO  DIVISION 
PRECISION  PARTS  CO. 
213  Institute  Place 
Chicago  10,  Illinois 

Write  for  full  t/efcMb 
<md  cot  ologv  e  today 
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KIRKLAND  Pioneer 


TYPE  T2  UNITS 


T2  LAMPHOLDER 


With  T2PC  Plastic  Lons 


With  T2MC  Glass  Lons 


T2  iampholder,  molded  of  bakelite, 
holding  lip,  dia.  11/16".  Tip  of  lamp 
bulb  protrudes  sufficiently  to  be  re¬ 
moved  from  front  of  panel  without 
use  of  special  tool. 

Very  low  current  consumption  bulb 
(0.038  max.  amp.  on  24  volts).  Series 
resistor  of  small  size  on  120-220-440 
volts,  etc. 

T2PC  Lens-cap,  molded  in  plastic. 
T2MC  Lens-cap,  metal  with  glass  lens. 

WHITE  TODAY  FOR  CATALOGUE 

THE  H.  R.  KIRKLAND  COMPANY 

8  King  Street  Morristown,  N.  J. 


RAWSON 

SEMI-SUSPENDED 

METERS 


T)i>e  SOS 

For  ULTRA-HIGH  SENSITIVITY 

0.5  Microampere  Full-Scale  (7000  ohms) 
0.24  MlUivolt  FuU-Scale  (10  ohms) 

High  Resistance  Voltmeters  (Megohm  per 
volt).  Many  other  romges. 

Accurate  Portable  Meters.  Need  no 
levelinq.  Will  often  replace  light-beam 
qalTonometers  or  vacuum  tube  volt¬ 
meters.  Write  for  bulletin 

WE  ALSO  SUPPLY 
REGULAR  DC  METERS 
THERMOCOUPLE  AC  METERS 
MULTIMETERS 


ELECTROSTATIC  VOLTMETERS 

Spoclal  opporotss  belft  to  order 

RAWSON  ELECTRICAL 
INSTRUMENT  COMPANY 

111  FOTTtll  ST.  CAMSMDM,  MASS. 
Represesfoflvet 

CHICAGO  NEW  YORK  CITY 

LOS  ANGELES 


nvlSW'*''’ 

\  .  SalaP®®^  ^R.elaWS  .  extreme  f®"’ 


NORTHERN  COMMONICATIONS  MEG.  CO. 


210  East  40(h  Slrn-I 


New  York  16.  N.  Y. 


SMALL  PARTS 

Filaments,  anodes,  supports,  springs, 
etc.  for  eloctronic  tubes.  Small  wire  and 
flat  metal  formed  parts  to  your  prints 
for  your  assemblies.  Double  pointed  pins. 
Wire  straightened  and  cut  diameter  up  to 
V6-tnch.  Any  length  up  to  12  feet. 

LUXON  fishing  tackle  accessories. 

Inquiries  will  receive  prompt  attention. 


STAMPING  GO. 


227  High  St. 


Newark  2.  N.  I. 


Recording  Systems 

licensed  under  U  5.  Pals,  of 

Western  Electric  Co.,  Inc. 


LATERAL  FEEDBACK  CUTTER 

—  Driver  Amplifier  Combination 


NEW  CIRCUIT  16  db  OVERALL  FEEDBACK 

THOROUGHLY  LIFE-TESTED  20  db  STABILIZING  FEEDBACK 

FIRST  ON  THE  MARKET  35-40  <»»  TOTAL  FEEDBACK 

STABLE  —  DEPENDABLE  thru  the  useful  range 

CHARAaERISTICS:  •  10-12  db  reserve  power  UNDISTORTED  •  ±  2  w  30-12,000 
with  30  cffl/sK  copability  at  12  kc.  •  Sharp  cat-off  at  12  kc  to  ovoid  widening 
groove  O  Overall  flux  feedback  for  stylos  control  ond  damping  #  Intomol  current 
feedback  for  stobility  #  Input  equolizer  -  instant  selection  of  recording  chorocter- 
istic  #  Intormodulotion  unbtliovobly  low  #  Interchangeable  cotton  #  Regular 
size  cutter  standard  mounting  holes  #  50  wott  omplifier  push-poll  througboet 
NE6LI6IILE  MAINTENANCE  >  INHALL  IT  AND  F0R6ET  IT 
‘‘He  CMnporisM  with  previwis  systems  for  teckeicol  pcrfemwece 
er  listeninf  setisfection.” 

Engineering  staff  availablo  for  special  requirements 


I  COOK  LABORATORIES  •  139  Gordon  Blvd.  •  Floral  Pork  •  New  York 
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for  those  that  like  it).  Chapter 
three  announces  that  capacitors 
wear  out  in  the  normal  course  of 
events  and  explains  how  come.  The 
next  five  chapters  help  find  answers 
to  the  question,  “Which  capacitor 
shall  we  use — electrolytic,  impreg¬ 
nated  jiaper,  mica,  ceramic,  air,  or 
synthetic-dielectric?”.  Finally  there 
are  stime  twenty  questions  a  user 
must  answer  in  order  for  the  ca¬ 
pacitor  art  to  supply  a  satisfactory 
capacitor,  and  thirteen  examples 
of  how  capacitors  are  selected  to 
meet  specific  electrical  and  mechan¬ 
ical  operating  conditions. — J.  M. 


VACUUM  TUBE 
niAMENTS  &  6RIUS 


By  John  F.  Ridkr,  Lt.  Col.,  Signal 
Corps  (Ret.)  and  G.  C.  Baxter 
Rowe.  John  F.  Rider  Rnldinher,  hic., 
New  York,  194(1,  SU  yoyex,  $1.00. 

This  is  exactly  the  sort  of  book 
that  the  engineer  needs  to  pass 
along  to  nontechnical  friends  and 
relatives  who  demand  a  complete 
five-minute  explanation  of  radar 
and  its  uses.  Even  this  abbreviated 
account  runs  to  more  nearly  an 
hour’s  reading,  although  the  neat 
sound-wave  analogy  in  Chapter  1 
should  completely  explain  the  un¬ 
derlying  principles  of  radar  to  the 
laymen.  From  here  on,  the  going  is 
only  slightly  rougher  because  the 
authors  have  contented  themselves 
with  descriptions  and  explanations 
of  the  external  aspects  of  the  equip¬ 
ment,  foregoing  accounts  of  circuit 
niceties.  Mechanical  analogies  and 
graphical  demonstrations  are  freely 
used  in  describing  the  functions  of 
antennas  and  indicators  and  the 
various  means  of  using  the  radar 
principle  for  gun-firing,  naviga¬ 
tion,  as  an  absolute  altimeter,  or 
for  blind  landing.  Of  interest  to 
both  engineer  and  layman  are  the 
frequent  chatty  allusions  to  specific 
cases  in  which  radar  helped  win  the 
war.  The  concluding  pages  fairly 
summarize  the  future  of  radar  and 
allied  techniques. — A.  A.  MCK. 


laboratory 

Wes- 

ton  for 

and  vacuum  tube 
voit-mecers.  Highly  accurate  source  of 
known  voltage  in  1/10  volt  steps  from  0  to 
111,  or  in  1  to  1110  volt  model.  Engraved 
panel,  (gartered  oak  case.  Write  for  de¬ 
tails. 

High-speed  prodection  of  precitioe 
R.  F.  Ceils,  Electro-Magnetic  Wind¬ 
ings  and  Sob-Assemblies  for  discrim¬ 
inating  manofacturers. 


The  two  newest  elements,  95  and 
96,  have  been  christened  americium 
and  curium  respectively  by  their  co 
discoverer.  Dr.  Glenn  T.  Seaborg. 
Neptunium  is  93  and  plutonium 
is  94. 


NEW  YORK 


44  GOLD  ST, 


SINCE 
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^  ^  ^  nwiG  COHT ACf  S 
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,.  i«  oil 
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CUSTOM  MOLDED 

PinSTiCS  PORTS 


"^totdtd . .  to  milt  tpiciflt 
ri9ttiriiiiintt...  by  on  ixpiriincid  orgoniiotion 
. . .  toolid  for  thi  production  of  ploiticc  ports 
for  olKtritol  or  gonorol  opplicotions.  loguiriot 
idtoowlodgid  promptly. 


•AluUveittAliT^iui 

(in<{  •  CV-  ^ 

>35  NORTH  WHIPPLE  ST.»CHICAGO  12,  ILL. 


M  For  HEATING,  MELTING,  STORING, 
CONVEYING,  POURING,  DISPENSING 

■  COMPOUNDS 

■  I  you  will  find  that  Sia-Warm  engineers  are  ready  and 

^  1  able  to  help  you. 

A  If  a  compound  heating  problem  is  on  your  mind 

ti>day,  it’s  as  easy  to  unload  as  writing  an  explanatory 
too  real,  compound  letter  to  Sta-Warm  today. 

mixing  tank  with  ,  i.  •  i  •  r  •  .  i  r 

power  agitator.  *''  wide  variety  of  sizes,  shapes  and  types  of 

Sta-Warm  compound  melters  you  probably  will  find 
a  Standard  tank,  kettle  or  pot  already  designed  with 
features  your  job  requires.  If  not,  Sta- 
Warm  engineers  will  design  a  unit  for 
>ou  as  they  have  done  countless  times  for 

some  of  America’s  largest  and  most  / 

progressive  manufacturing  plants  in  a  / 

wide  variety  of  industries.  I 

You’ll  never  know  how  close  you  are  |  I 

to  the  right  answer  unless  you  let  Sta-  I 

Warm  engineers  recommend  an  installa-  ^  :  1 


Inquire  to  Dept.  J.  today,  outlining 
your  needs. 


iialf  pint  compound  dropper  with 
thumb  control  of  needle  valve  outlet. 


iaWaim  ELECTRIC  CO. 

1000  N.  CHESTNUT  ST.  •  RAVENNA,  OHIO 


HEYMAN  MANUFACTURING 
COMPANY 

SIO  Michiqafi  Avr  Kemlwdrth  N  J 


THOMAS  &  SKINNER  STEEL  PRODUCTS  CO. 
1116  I.  23rd  SI.,  IndlanapolU  S,  Ind. 


Alloys:  cobalt  •  CHROMI  •  AINICO 

The  making  of  permanent  magnets  is 
an  alloy,  too  ...  of  experience,  engi¬ 
neering,  facilities.  We’ll  be  glad  to 
tell  you  more.  Write  for  bulletin. 


riioiiiaAi 


metal  and 

PLASTIC 

SPECIALTIES 

g  STAMPINGS 

•  SCREW 
MACHINE 
PARTS 


,o,  ...  typ..  o.  «-•»  -0  .  ^ 

. . 


STAMFORD  METAL  SPECIALTY  CO.,  429  W.  BROADWAY.  N.  Y. 12 

7{/9r4  9^ 
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BUD  RADIO,  INC 


Backtalk 


Speedy 

Accurate 

Testing 

1.  Resistance  Testing 


Thig  department  ig  oper* 
ated  ag  an  open  forum 
where  our  readerg  may 
digcugg  problemg  of  the 
eleetronicg  indugtry  or 
comment  upon  articleg 
which  ELECTRONICS 
hag  puhlighed. 


limit  the  qualities 
OF  YOUR  SPEAKERS? 

The  NEW  BUD  wall  type  speaker 
case  is  the  result  of  research  into 
the  field  of  speaker  case  design. 
The  need  for  a  durable,  crack- 
proof,  high  tonal  quality  housing 
is  answered  by  this  complete  line. 
The  Bud  qualities  of  Beauty,  Utility 
and  Dependability  are  fully 


Railroad  Communications 

Dear  Sir: 

This  relates  to  the  editorial  en¬ 
titled  “Wreck,”  in  Crosstalk,  Elec¬ 
tronics,  July,  1946. 

It  occurred  to  me  how  unfortu¬ 
nate  it  is  that  each  of  us  in  our  own 
fields  seems  unable  to  keep  others 
in  other  fields  advised  of  progress 
we  are  constantly  making.  In  this 
instance,  we  should  have  told  our 
story  so  well  that  you  would  not  be 
under  the  impression  that  railroads 
are  operating  on  90  miles-per-hour 
schedules  with  40  miles-per-hour 
communications. 

Perhaps  the  principal  reason  for 
the  ignorance  each  of  us  has  of  the 
other  fellow’s  activities  is  the  lat¬ 
ter’s  difficulty  in  putting  his  story 
across.  Although  the  Pennsylvania 
Railroad  has  issued  various  pamph¬ 
lets,  articles  and  advertisements  on 
the  general  subject  of  communica¬ 
tion  and  signaling,  it  is  apparent 
that  it  is  not  generally  known  how 
completely  signaling  communica¬ 
tion  and  automatic  safeguards  have 
kept  in  advance  of  increases  in 
speed  and  traffic  density.  With  re¬ 
spect  to  the  wreck  of  the  Congres¬ 
sional  it  has  been  definitely  deter¬ 
mined  that  no  means  of  communica¬ 
tion  could  have  been  used  to  warn 
the  engineman  of  the  train  of  the 
presence  of  the  hot  box  on  his  train ; 
the  time  element  of  seconds  between 
discovery  and  accident  was  too 
short. 

The  Pennsylvania  Railroad,  typi¬ 
cal  of  the  railroad  industry,  is  con¬ 
stantly  looking  for  better  ways  of 
doing  things.  It  is  engaged  in  re¬ 
search  and  development  in  every 
phase  of  its  operations.  In  com¬ 
munication,  it  employs  radio,  in¬ 
ductive  train  communication,  facsi¬ 
mile,  telephone  and  teletype;  in  sig- 


LIMIT  BRIDGES 


For  high  speed  testing  of  resistors,  coils, 
heater  elements  and  similar  products  in  pro¬ 
duction  quantities  where  costs  must  be  mini¬ 
mized.  Designed  for  use  by  non-skilled 
operators,  they  ore  capable  of  checking  os 
many  os  2000  items  per  hour.  Ranges  from 
1  ohm  to  10  megohms.  Simple  and  sturdy, 
these  instruments  will  withstand  hard  usage 
for  many  years.  Described  in  Bulletin  100. 


2e  Shorted-Turn  Testing 


COIL 

TESTERS 

For  detecting  shorted  turns  or  opens  in  coil 
windings  of  nearly  every  variety.  Speeds  of 
2000  items  per  hour  easily  attained  with 
non-skilled  personnel.  Will  readily  detect  a 
single  shorted  turn  of  No.  44  copper  wire. 
OperaHon  at  60  cycles  assures  substantial 
freedom  from  capacity  effects.  Simple  and 
sturdy  for  long  service  under  hard  usage. 
By  detecting  defective  windings  at  negli¬ 
gible  cost  before  assembly  into  completed 
units,  these  instruments  greatly  increase 
production  efficiency  and  contribute  to 
product  quality.  Described  in  Bulletin  109. 

-ArOltier  Rubicon  Products:  * 

Wheolsto..*,  Keivin  and  Mueller  Br  dget;  Potenti¬ 
ometers  for  precise  measurement  of  DC  voltages, 
Galvanometers;  Photoele  trie  Colorimeters;  Sanford - 
Bennett  High  H  Permeameters;  Magnetometers  for 
intercomporing  permanent  magnets.  Literature 
on  request. 


Keywajr  holes  are  provided  for  wall 
mounung  and  four  embossed  feet 
are  on  the  bottom  to  prevent  dam¬ 
aging  of  table  surfaces.  The  cases 
are  finished  in  an  attractive  brown 
enamel  color. 


BUD  Can  Supply 
All  Your  Needs!  . .  . 

.  .  .  with  the  latest  types  of  equip¬ 
ment  including:  condensers  — 
chokes — coils — insulators — ^plugs — 
jacks — switches — dials — test  leads 
— jewel  lights  and  a  complete  line 
of  ultra-modern  cabinets  and 
chassis. 


COMPANY 

f '•efrfeof  tnttruinmnt  Alolrqrs  Sine*  1921 

3757  Ridge  Avemie,  Philodelphki  32,  Po. 


Catalog 

Number 

Hole 

£^ze 

Speakei 

Size 

Hei^t 

Width  Depth 

CS-1939 

4' 

4'&5' 

7H' 

6H'|  AH' 

CS-1940 

4«' 

6' 

9^' 

00 

e 

Cn 

C8-1941 

6H' 

8' 

IIH' 

9H'  1  7' 

08-1942 

8H' 

10' 

13H' 

IIJ^'  8H' 

C8-1943 

lOH* 

12' 

15J^' 

9H' 
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Odolwr.  19H  —  ELECTRONICS 


TO  TNI  MANlir ACTUfUR  or 

fladioi 


Star  I 

DOUILE-CHECK  SYSTEM 

^JE-IO—  Miniature  socket 
wiring  plug  for  accurate 
alignment  of  miniature 
socket  contacts  during 
wiring.  Precision  cast  of 
zinc  base  alloy  — Pins  of 
stainless  steel. 


#JE«I2  —  (  H  a  r  d  •  n  e.d 
tool  steel  insert)  or 
JE>  13  (Stainless  st  e  e  I 
Insert)  Miniature  tube 
pin  straightenerto 
obtain  a  perfect  fit 
when  the  tube  is  placed 
in  the  set. 

for  complete  MermafloH 
and  prices— ‘Write 
RADIO  ACCESSORY  DIVISION 


STAR  EXPANSION  PRODUCTS  CO. 

INCOReORATID 

147  Cedar  St..  New  York  6.  N.  Y. 


5fcKVlll 

DIALS  NAME 
INSTRUMENT 

PLATES  ^CALIBRATIONS  1 

PANELS  AND  H'OUSINGS  | 

ALUMINUM 

AC  ETAT  ES-/f^^ACRYLATES 
PMENOLICS^^^^NITRATES 

Printing  so  durable  that  it  replaces  1 
etching,  so  sharp  on  wrinkle  that  jt  appears  ■ 
engraved;  also  perfect  writing  and  1 
erasing  finish  on  both  metdis  and  plastics.  9 

prompt  QUaTATlONS  -  PROMPT  DELIVERIES  —  SAMPLES  ON  REQUEST  1 

The  ANSONIA  CLOCK  COMPANY  Inc.  I 

SPECIAL  PARTS  DIVISION.  105  LAFAYETTE  ST.,  NEW  YORK  13.  N.  Y.  ■ 
TELEPHONE  WORTH  4  -66  54 

PRECIOUS  METALS  IN  ALL  FORMS  FOR  THE  ELECTRONIC  INDUSTRIES 


COMPLETE 


OF  OUR  PRODUCTS 
V  FOLDER.  E-20 

'‘PLATINUM,  GOLD  &  SILVER  FOR  SCIENCE,  INDUSTRY  &  THE  ARTS 


THE  AMERICAN  PLATINUM  WORKS 


231  NEW  JERSEY  R  R  AVE 
NEWARK  5,  N.  J. 


PRECIOUS  METALS  SINCE  1875 


STEATITE 

CERAMIC 


Properties  and  Cbarocteristics  of  Owr 
LAVITC  SI'S  Steatite  Ceramic  Cody 


Com.rM.iv.  Strmigth  . 

Trni.il.  Str.ngth  . 

rinurml  Strongth  . 

•Mulu.  of  Rupture . . 

Dielectric  Strength  . 

Dielectric  Coo.lant . 

Lom  PMtor  . 

ArntfOr  SMtor  . 

•oik  SpMific  Or.vity . 

Den.itjf  <from  obovo  gravity) 

NaMn^  (Mohr  m.1^ . 

•oftMing  Temperature  ... 
Jjn.Mr  CeafRcient  of  Ixpant 
Moisture  Absorption  (ASTM 


ee.OOO  lbs.  per  square  inch 

7,200  lbs.  per  square  inch 

lO.SOO  lbs.  per  square  inch 

20,000  lbs.  per  square  inch 

..23S  volts  per  mil 
rrequency  of 
megacycle 

. a.eeap^ 

.  ..O.Oee  lbs.  per  cubic  inch 

. 7.0 

. 2.3S0°r. 

on . 8.13x10— « 

D-1  ie-42-A) . O.OODAi 


.4.40  1  * 


Design  engineers  and  manufacturers  in  the^  radio, 
elearical  and  elearonie  fields  are  finding  in 
lAVITE  the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and  dielectric 
strength,  low  moisture  absotption  and  resistance 
to  rot,  fumes,  acids,  and  high  heat.  The  exceed¬ 
ingly  low  loss-faaor  of  LAVITE  plus  its  excel¬ 
lent  workahility  makes  it  ideal  for  all  high  fre¬ 
quency  applications. 

^e  will  gladly  aopply  samples  for  testing. 


D.  M.  STEWARD  MFC.  COMPANY 


WHAT  MAKES  A 
MAILING  CLICK? 


Advertising  men  agree — the  list  is 
more  than  half  the  story. 

McGraw-Hill  Mailing  Lists,  used 
by  leading  manufacturers  and  in¬ 
dustrial  service  organizations,  direct 
your  advertising  and  sales  promo¬ 
tional  efforts  to  key  purchasing 
power.  They  offer  coverage  of 
major  markets,  including  new  per¬ 
sonnel  and  plants.  Selections  may 
be  made  to  fit  your  own  special 
requirements. 

New  names  are  added  to  every 
McGraw-Hill  list  daily.  List  revisions 
are  made  on  a  twenty  -  four  hour 
basis.  And  all  names  are  guaran¬ 
teed  accurate  within  two  per  cent. 

In  view  of  present  day  difficulties 
in  maintaining  your  own  mailing 
lists,  this  effictent  personalized  serv¬ 
ice  is  particularly  important  in  se¬ 
curing  the  comprehensive  market 
coverage  you  need  and  want.  Ask 
for  more  detailed  information  to¬ 
day.  You'll  probably  be  surprised 
at  the  low  over-all  cost  and  the 
tested  effectiveness  of  these  hand¬ 
picked  selections. 


DIRECT  MAIL  DIVISION 

McGraw-Hill  Publishing  Company,  Inc. 

330  WEST  42nd  ST.  NEW  YORK,  N.Y. 


Me 


HcORAW-HILL 

OIACCTMAIL  LIST  SERVICE 
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New  dry  battery 
design  problems 
quickly  solved! 


Handy  Burgess  check  sheet 

.  .  .  enables  you  quickly  to  fill  in 
complete  details  on  the  dry  battery 
for  your  special  application . . . 
providing  Burgess  engineers  with 
necessary  information  to  give  you 
facts  on  the  battery  that  will 
answer  your  problem.  Send  for 
check  sheet  today. 


SPECIAL  PURPOSE  BATTERIES 

. . .  Burgess  engineers  are  constant¬ 
ly  developing  special  batteries  for 
new  instruments  or  electronic 
equipment  .  .  .  the  battery  you 
need  may  be  among  them.  Send 
coupon  to  Burgess  today, 

BURGESS 

BATTERY 

COMPANY 


BURGESS  BATTERY  CO. 

Freeport,  Illinois  D«pt.  E-IO 

Gentlemen: 

Send  me  the  tree  check  sheet  to  aid  in 
new  dry  battery  development. 

NeoM _ 

Qompeny _ 

Addreu _ 

City _ Sfof# _ 


BACKTALK  (continued)  | 

naling  there  are  automatic  cab  sig- 
;  nals,  automatic  block  signal.s,  inter- 
i  locking.s,  power-operated  switches, 

;  dragging  equipment  detectors,  .slide 
*  protection  fences,  panel  type  block- 
'  ing  devices,  universal  track  cir¬ 
cuits,  electrically  locked  switches, 
cab  signal  code  changing  devices, 
and  the  like.  Radio,  radar,  induc¬ 
tion  type  telephone  and  electronic 
devices  are  being  further  developed 
and  tried  out,  and  as  new  techno¬ 
logical  advances  are  made  the  Rail¬ 
road  will  not  be  backward  in  trying 
to  find  advantages  in  them. 

W.  R.  Triem 

(it  lit  ml  Suin'i'inlrnth  iit  ttf  Tch'ffraph 
Thf  I‘t  iinMiih  iniiii  Hitilrdtiil 
1‘hiltiih  Ifthhi,  J‘it 

Auditory  Pereeplioii 

Dear  Editor: 

We  have  been  greatly  surprised 
and  pleased  w’ith  the  widespread 
response  in  connection  with  our  ar¬ 
ticle  titled  “Auditory  Perception” 
in  the  July  issue  of  Electron¬ 
ics.  There  have  been  a  large  num¬ 
ber  of  requests  for  reprints  and  a 
good  many  letters  asking  for  addi¬ 
tional  information.  It  is  of  some 
interest  that  none  of  this  corres¬ 
pondence  has  been  in  connection 
with  the  circuit  for  automatic  tone 
control  described  in  the  article, 
but  rather  with  respect  to  the  char¬ 
acteristics  of  hearing  and  associ¬ 
ated  material.  Specifically,  there  has 
been  a  good  deal  of  discussion  per¬ 
taining  to  the  paragraph  titled 
“Low  Frequency  Cutoff.” 

We  are  enclosing  a  copy  of  a  por¬ 
tion  of  one  of  these  letters  together 
with  a  copy  of  our  reply. 

John  D.  Goodell, 

The  Mhintnotn  Klrctronira  Co. 

St.  I'tnil.  \finni  Mttto 

Dear  Mr.  Goodell:  — 

I  TAKE  this  opportunity  to  compli¬ 
ment  you  on  the  article  in  Elec¬ 
tronics  for  July  entitled  “Auditory 
Perception.”  It  is  one  of  the  most 
common  sense  and  realistic  papers 
on  sound  reproduction  I  have  ever 
seen.  However,  there  is  one  point 
on  which  our  findings  and  yours 
do  not  agree. 

The  paragraph  on  page  148  enti¬ 
tled  “Low  Frequency  Cut-off” 
clearly  states  that  the  audience  usu¬ 
ally  failed  to  perceive  the  difference 
between  a  70-cycle  cut-off  and,  say,  a 


Tracing  cloth 
that  defies 
time 


•  The  renown  of  Imperial  os  the  finest  In 
Tracing  Cloth  goes  bock  well  over  half  a 
century.  Draftsmen  oil  over  the  world  prefer 
It  for  the  uniformity  of  its  high  transparency 
and  ink-taking  surface  and  the  superb  quality 
of  its  cloth  foundation. 

Imperial  takes  erasures  readily,  without 
damage.  It  gives  sharp  contrasting  prints  of 
even  the  finest  lines.  Drawings  made  on 
Imperial  over  fifty  yeors  ago  are  still  as 
good  as  ever,  neither  brittle  nor  opaque. 

If  you  like  a  duller  surface,  for  dear,  hard 
pencil  lines,  try  Imperial  Pencil  Tracing  Cloth. 
It  is  good  for  ink  as  well. 

IMPERIAL 
TRACING 
CLOTH 


BOLD  BY  LEADING  STATIONERY  AND  DRAW- 
ING  MATERIAL  DEALERS  EVERYWHERE 


3(H 
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Professional  Services 

Consulting  —  Patents  —  Design  —  Development  —  Measurements 


Radio,  Audio,  Industrial  Flectronic  Applications 


H.  RUSSELL  BROWNELL 

Consulting  Engineer 
Spcclalizina  in  Meaturamants  A  Tasting 
Instrumants  A  Tachniquai  -  Elactrical  -  Elac* 
tronic  -  Magnatic. 

188  Wast  4th  St.  Naw  York  14.  N.  Y. 

Chalsaa  2-4208 


PAUL  E.  GERST  A  CO. 

CON8ULTINQ  £NGlNKiJI:> 
Specialists  In 
Eleetrleal  Product  Uc^lm 
fej.  Mscldnary,  Apparatus  A  Applies*  >nn«s 
EL  AppUsnoaa,  Ui-Fraquencles  Appaiatus 
Electronics.  Badlo  Commumcations 
305  W.  Wackar  Dr.  Chicago  6.  IIL 


ALBERT  PREISMAN 

Consulting  Engineer 

Ti-l*'\isii»n.  puIm)  Tei'Uuiuues,  Vuli-t* 
.Vniplifiers.  Phasing  Networks. 

Imhistrlal  Appliratinns 
AfllUated  with 

MANAGEMENT-TRAINING  ASSOCIATES 

3^08- 14ib  St..  N.  W.  Washingtaii  10.  D.  V 


EDWARD  J.  CONTENT 

Acoustical  Consultant 


Audio  Sy. stents  kkiglneering,  FM  Standard  Broad - 
east  and  Televl.‘<ion  Studio  Design. 


Roxbury  Road 


Stamford,  Conn 


Stamford  3  74.V.» 


C.  M.  HATHAWAY 

Consulting  Engineer 

Kcsearcli  and  Development 
Protiuct  De8is:n*« 

Tool  &  .Methods  Engliieeriiiii; 
.Manufacturing 

Clarkson  St.,  Dtnvar  10,  Colorado 


JOSEPH  RAZEK.  Ph.D. 

Consulting  Physicist 

Ele<-trtc  ainl  Meclianical  JIngineering  I’loltieuis 
Inblrunients  and  Control  Devices  Elect roniis 

SpeclalLsts  in  Colormetry.  Spet^^tro photometry  and 
Industrial  Color  Control 
l.aboratory  and  Shop  Facilities 
202  Darby  Road  Llanerch.  Pa. 

Phone  Hilltop  6910 


STANLEY  D.  EILENBERGER 

Consulting  Engineer 
I.NDUSTUIAL  EUiCTRONlCS 
Denlrn — Development — .Models 
Complete  Ijtborator.v  and  Shop  Faeilitieh 

«30ft-t:4— 3Tth  Ave. 

KeiiOHha.  Wla.  Telephone  2-l;!l3 


INDUSTRIAL  DEVELOPMENT 
ENGINEERING  ASSOCIATES 

Engineering  Consultants 

Kleetroiiic  Control.  Motion  Picture  & 
Sonnd  Equipment 
Development — Dealg^n — Models 
5874  College  Ave.  Indianapolis  6,  Ind. 


ARTHUR  J.  SANIAL 

Consulting  Engineer 


Loud>p<'akers  and  Alli*^  Devices 


168-14  .32  Ave. 


Flushing.  N.  Y. 


ELECTRO  ENGINEERING 
WORKS 

S|>ecializing  in  High  Voltage  k'llumeiit  ami 
Plant  TrunsformerH  for  Kleetronic  Project  h 

Quick  Deliveries 

80*1  College  Ave.  DaklamI  11,  Calif. 


RICHARD  C.  KLEINBERGER 

Licensed  Professional  Engineer 
Electronic  Heating  Applications 
20  Cushman  Road,  White  Plains,  N.  Y. 


TECHLIT  CONSULTANTS,  INC. 

Technical  literature  and  art.  Spe<-i8list.s  in  elec¬ 
tronics.  Instruction  manuaL>i.  sales  brochixres. 
catalogues,  isometrics,  perspective,  photo- retouch¬ 
ing.  schematics,  wiring  diagrams.  Expert  work  at 
l<»w  cost.  We  have  never  missed  a  deadline. 

140  Nassau  Street  New  York  7,  N,  Y. 


ELECTRONIC  RESEARCH 
ASSOCIATES 

I.RA  will  apply  progressive,  war-proven  de¬ 
velopments  in  electronic  research  .  .  .  count¬ 
ing  .  .  .  timing  .  .  .  measuring  .  .  .  industrial 
ct.ntrois  ...  to  your  manufacturing  advan¬ 
tage. 

Box  333,  308  Linden  Av.,  South  San  Francisco.  Cal. 


MIDLAND  ASSOCIATES 

Consulting  Engineers 
Enginooring  Design  A  Dovolopmont 
Tolovision  Rocoivors — Tochnical  Manuals 
FM.  Racaivars — last  Instrumants 
A.M.  Racaivars — Spacial  Problams 
in  all  phatas  of  Elactronics 
1959  Lunt  Ava.  Chicago  24.  III. 


RAYMOND  M.  WILMOTTE  INC. 

A  romplet©  Engineering  Service 
for  the 

.\pplicHtioii  of  Klectronloj.  trr  Indmrtr.v 

Consultation  Design  Construction 

236  W.  55  St.  1469  Church  St.,  N.W. 

New  York  19.  N.  Y.  Washington  5,  D.  C. 


ELM  LABORATORIES 

Reeeareh  (.nd  Design 

RADIO  TRANSMITTERS  AND  UlXEIVEItS 
liesigne  for  Home  Radios.  Electro-Mechanical 
Itevlces  and  Components. 

20  South  Broadway  Dobbs  Ferry,  New  York 

I ‘hone  Dobbs  Ferry  4058 


NATIONAL  DESIGN  SERVICE 

Designers  and  Developers  of 
FACTORY  TEST  EQUIPMENT 
TELEVISION  R.F,  SWEEP  GENERATORS 
F.M.  SIGNAL  GENERATORS 
COMPLETE  CENTRALIZED  MODLT.ATED 
SYSTEMS 

96  Liberty  St.  New  York  6,  N.  T. 


PAUL  D.  zonu 

Consulting  Engineer 
INDUSTRIAL  ELECTRONICS 
High  Frequency  Dielectric  and  Induction  Heating 
•Applications.  E<juipment  Selection,  Equipment  and 
component  Design.  IVvelopraent,  Models. 

272  Centre  St.  Newton.  Mas*. 

BIO -9240 


THE 


REAL 


VALUE 


of  placing  your  unuiual  problem  in  the  hands  of 
a  competent  consultant  eliminates  the  elements 
of  chance  and  uncertainty  from  the  problem  and 
provides  real  facts  upon  which  to  base  decisions. 
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■ACKTALK 


IMCfNGINaS  IS 


80-cycle  cut-off.  Based  on  our  ex¬ 
perience,  I  would  deduce  from  that 
that  either  the  system  did  not  re¬ 
produce  enersry  at  frequencies  lower 
than  70  cycles,  or  else  the  program 
material  transmitted  did  not  con¬ 
tain  appreciable  energy  at  frequen¬ 
cies  lower  than  70  cycles. 

We  have  found  that  one  instru-  1 
ment  of  the  orchestra  disappears  | 
completely  with  a  70  cycle  cut-off,  | 
namely,  the  large  bass  drum.  Pizzi-  ; 
cato  tones  on  the  “E”  string  of  the 
stringed  bass  either  disappear  com¬ 
pletely  (when  played  piano)  or  lose  j 
their  “bassy”  ch(aracter.  Organ  ; 
music  also  suffers  severely  with  the 
loss  of  the  lowest  octave. 

We  have  a  speaker  system  which 
is  reasonably  flat  to  30  cycles  and 
the  audience  reaction  to  sound 
transmitted  through  this  system  is  | 
usually  very  impressive.  1 

Norman  C.  Pickering  ' 

Pickering  and  Co..  Jnv.  | 
Oceanside,  Netr  York  \ 


Submittiature  tubes 


. . .  now  available  as  pentodes, 
tetrodes,  triodes  and  diodes 
operate  at  10  milliamperes  fila¬ 
ment  current,  10*^^  amperes 
grid  current,  and  have  an  ex¬ 
tremely  high  grid  resistance  of 
10^*  ohms  or  greater. 


The  IMC  Engineer  is,  in  effect, 
traveling  companion  to  IMC  products. 
He  provides  "experience  at  work"  to 
insure  insulation  that  approaches 
perfection.  He’s  always  ready  to  . . . 

1.  Assist  you  in  the  selection  of 
the  best  insulating  material  for 
your  job. 

2.  Familiarize  you  with  the  proper 
application. 

3.  Suggest  ways  to  eliminate  waste. 

4.  Help  increase  your  production. 


Dear  Mr.  Pickering: 

We  appreciate  your  letter  of 
July  23  very  much  and  are 
most  pleased  to  know  that  you  liked 
our  article  on  “Auditory  Percep¬ 
tion.”  We  have  received  a  surpris¬ 
ing  amount  of  correspondence  as  a 
result  of  this  article  and,  of  course, 
are  very  glad  that  it  has  had  such 
good  reception. 

You  have  quite  accurately  put 
your  Anger  on  the  one  point  in  this 
material  that  I  am  prepared  to  ad¬ 
mit  is  controversial.  The  system 
used  in  the  experimental  work  ref¬ 
erenced  in  the  paper  was  capable  of 
responding  to  brain  wave  fre¬ 
quencies  which,  as  you  doubtless 
know,  are  in  the  neighborhood  of 
12  cps.  It  is  true  that  the  ear  has 
a  tendency  to  supply  the  subjective 
experience  of  a  low  frequency’s  fun¬ 
damental  tone  if  all  of  its  harmonics 
are  present  in  their  proper  relation¬ 
ship.  Most  systems  that  cut  off  at 
70  cycles  have  appreciable  loss  con¬ 
siderably  above  70  cycles.  If  the 
effect  referred  to  in  the  article  is  to 
be  obtained,  it  is  necessary  that  the 
system  be  effectively  flat  or  have  a 
slight  rising  characteristic  down  to 
the  70-cycle  cutoff.  We  did  not 
mean  to  imply  that  it  was  desirable 
to  cut  off  at  70  eyelet  but  rather 
that  the  effect  was  sufilciently  inter¬ 
esting  to  point  out  the  possibility 
of  a  compromise  in  equipment  with 


Developed  for  the  finest  in 
instrumentation— solving  the 
problem  of  making  new  and 
intricate  circuits  simple  and 
feasible. 


Complete  insulation 
service  from  one 
source. 


Victoreen  vacuum  sealed  hi- 
megohm  resistors  have  filled  the 
void  of  quality  resistances  in 
a  range  from  100  to  10,000,000 
megohms.  Used  wherever  re¬ 
sistors  of  these  values  require 
unusual  stability  with  relatively 
low  temperature  and  voltage 
co-efficients. 


Fabricating  facilities 
to  supply  your 
needs. 


"Know-how”  engi¬ 
neers  . . .  strategically 
located. 


Prompt  shipment 
from  complete 
stocks. 


Write  for  our  free  technical  data 
booklet  on  tubes  and  resistors. 


3S00  PERKINS  AVENUE 
CLEVELAND  14,  OHIO 
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FINE  RIBBONS 
OF 

TUNGSTEN  oad  MOLYBDENUM 

Quality  and  accuracy  in  our  iobrica- 
tion  oi  Tungsten  &  Molybdenum  Rib* 
bone  hare  characterised  our  senrice 
to  the  Electronic  Industry. 

A  devefepmenf  ef 

H.  CROSS  Co. 

15  BMkman  St..  N*w  York  7,  N.Y. 


PRINTED  TAPE 

-for  "Parts"  Maiking- 

TOPFLIGHT  TOOL  CO. 

Huber  Yerk»  Pa* 


Strip  Insulated  Wires 

OUICKBR...  BItTBR 

wHH 

AUTOMATIC  WItl  STRIFPIR 
•.••Opaads  Praduefioa 

Strips  Insulation  from  ail  types  of 
wire — instantly,  easily,  perfectly 
Just  press  the  handles  and  the  job 
is  done.  Cuts  wire  too.  Strips  SOO 
to  1000  wires  per  hour.  Available 
for  all  siM  solid  or  stranded  wires 
—No.  8  to  No.  30.  List  Price  $5.00 
Wrife  Depp,  f  for  Fell  Portlcefars 


GENERAL  CEMENT  MFC  CO 

Rockford,  Illinois,  U.S.A. 


MICROMETER 

FREQUENCY 
METER  K 


fer 

eheeklns 
Trsnimltters 
frem  100  Ke  te  ITS  Me. 
within  0.01  per  cent 


LAMPKIN  LABORATORIES 

Brodeotea.  Na..  U.  S.  A. 


PRECISE  ELECTRONICS  CO. 
Moaafoefurar  of 

dll  typea  of  COILS  for  radio  and  other 
oloctronic  doTicea. 

...  cut  and  atripped  to  aiae. 

*14  West  4a«li  Street  New  Yerii,  N.  Y. 
Telepheae:  Circle  S-T043 


RADIOBOOKS 

BY  MAIL 


5AMt.OAV  SHWMtNT  ON  9tV.  OT  All  MAA  OtOiftS. 
■ooki  et  naoriy  oH  radio  pwfaiishan.  H  you  don't  know  pric*, 
Mnd  d*e*»it  end  woY  iMp  C.O.D. 

T.  EMTOIS  AND  ENCINEEIS,  iU. 
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Electron  Tube  Machinery 

of  every  type.  —  standard,  and  special  design 

Specialists  in  Equipment  tor  the  manufac¬ 
ture  oi  Radio  Tubes.  Cathode  Rcry  Tubee, 
Fluorescent  Lamps,  incandescent  Lompe. 
Neon  Tubes,  Photo  Ceils,  X-ray  Tubes 
and  other  glass  or  electronic  products,  on 
production  or  laboratory  basis. 
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We  manufacture  a  complete  line  of  equipment 


SPOT  WELDERS,  eLectric  from  ^  to  50  K'VA 
TRANSFORMER 8,  special  and  standard  types 
INCANDESCENT  LAMP  manufacturlna  equipment 
FLUORESCENT  TUBE  MAKINQ  EQUIPMENT 
ELECTRONIC  EQUIPMENT,  vacuum  pumpe,  etc. 


AC  ABC 
WELDERS 
from  100  to 
400  Amtw 


WET  GLASS  SLICING  and  cutting  machines  for  laboratory  use 
GEN'ERAL  GLASS  working  machines  and  burners 
COLLEGE  GLASS  working  units  for  students  and  laboratory 
EISLER  ENGINEERING  CO. 

731  So.  13th  St.  (near  Avon  Ava  ) _ Newark.  New  Jersey 
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CONFCRENCi,  TELiFHONE,  DICTATION 

Psrmansnt  recorders  A  Instantaneous  play-back 
maohines  far  all  industrial  purposes.  Safety  film 
cost  Sc  per  hour. 

MILES  REPRODUCER  CO..  INQ. 

B12  B'way.  Dapt.  E,  Now  York.  3.  N.  Y. 


18  YEARS  IN  RADIO 


REX  RHEOST&T  COMPANY.  BALDWIN.  L.  I..N.Y. 


PROTECTED  ft  UNPROTECTED 

RHEOSTATS 

WITH  LURRICATED  CONTACTS 

ROTARY  DRIVE  RHEOSTATS 

WITHOUT  BACK  LASH 
PROTECTED  ft  UNPROTECTED 

ADJUSTABLE  RESISTORS 

UP  TO  1000  WATT 
PROMPT  SHIPMENTS 


BE  "SIMPLE-MINDED"! 

Tho  businett-miaded  engineer  is 
Bsnally  the  “simplo-miadod'’ 
one.  That  is,  he  dees  things 
the  muioMt  way,  like  hnying 
ekctroaic  equipment  and  com¬ 
ponents  from  Son  Radio.  Speed 
and  conrtesy  is  part  of  every  Son 
Radio  transaction.  Call  Son  today ! 


sun  RRDIO 

&  ElfCTROniCS  CO..  Inc. 
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BURSTEIN-APPLEBEE  CO.# 

1012  McGee,  Kansas  City  4,  AAo. 

Send  me  FREE  catalog  advertised  in 
Electronics. 
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Additioial  Enployaeit  Ads  or  Pages  283,  309  &  310 

Ocfober,  —  ELECTRONICS 


SMASH  VALUES  IN  ELECTRONIC 
&  COMMUNICATION  SUPPLIES 

Order  Today  fmnedlofe  Deffvery 
WILCOX  CW  3  RECEIVER 

'.Uied  for  Aircraft  mool- 
tortnc)  a  fixed  fra.  re* 
ceiver  (1900  KC  to 
18.500  KC)  xul  con¬ 
trolled  —  i>uperbet  «iitb 
BFO  and  AC  power 
supply;  llOV.  80  cy. — 
Makes  a  beautiful  bam  receiver  witb  a  (mnverter. 
Complete  witb  add.  set  of  tubes  and  one  set  of 
. $32.95 


MISCELLANEOUS  BARGAINS 

1000  KC  xtal  precision  .\T  cut  mounted  in 

standard  bolder  . $4.95 

.1  nfd.  3500  V.  OC  wot  king— perfect  for  scope 

-round  can  .  $1.98 

2  KVA  Superior  Powerstat.  complete  witb  gear 
train  for  motor  drive,  lit)  V.  input;  0  to  13.'» 
Volts  output  (gear  train  is  removable) .  .$29.95 

Coax  Cabio  RG  8U . $7.50  per  100  ft 

Coax  eoupilng  for  standard  .405  cable,  silver 

plated  chassis  or  cable  type . $0.40 

G.E.  flitor  choke.  10  henries.  22.5  mills. .  .$2.50 
Quanti^  ordm  on  any  of  tho  above  itemt 
invited.  All  prices  FOB  our  warehouse. 
NEW  YORK  CITY,  N.  Y. 

Export  cable  address  "4  ^ 

MICROWAVE— N.  Y.  f  ^fJ  41^  ( 

Write  for  our  latest  '  |  I 
bulletin  9E  i 
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design  limitations  based  on  eco¬ 
nomic  considerations. 

It  may  be  true  that  the  large  bass 
drum,  as  well  as  the  pizzicato  tones 
on  the  E  string  of  the  stringed  bass, 
do  lose  their  character  with  the 
70-cycle  cutoff.  It  is  entirely  pos¬ 
sible  that  the  program  material  we 
used  was  not  adequate  to  permit 
completely  valid  or  final  conclusions. 

I  shall  be  interested  in  investigat¬ 
ing  this  at  some  future  time. 

John  D.  Goodell 

Tin*  Mlnnosota  Kl*»«*tronirs  f'o. 

Old  Friends 

Dear  Editor: 

I  THOUGHT  it  would  be  of  some 
interest  to  you  if  I  told  you  of 
some  of  the  letters  I  have  been  get¬ 
ting  since  VE  day  and  VJ  day  from 
various  parts  of  the  world. 

Mostly  all  of  them  come  from 
good  friends  of  mine  whom  I  knew 
from  the  times  when  I  was  con¬ 
nected  with  the  European  Labora¬ 
tories  of  the  International  Tele¬ 
phone  and  Telegraph  Company,  and 
with  whom  I  lost  all  contact  since 


Searchught  Section 


EMPLOYMENT^  "OPPORI 

UNDISPLAYED  RATE; 

15  cents  X  word,  minimum  $3.00. 

(See  1  on  Box  Numbers.) 

POSITIONS  WANTED  (full  or  pxrt-time  salaried 
individual  employment  only).  ^  above  rates. 
1‘ROPOSAIjS  75  cents  a  line  an  insertion. 

INFORMATION: 

BOX  NTJMBERS  in  care  of  any  of  our  New  Yorlt, 
Cblcago  or  San  Francisco  offlces  count  10  words 
additional  in  ondisplayed  ads. 

NEW  ADVERTISEMENTS  received  by 
November  iaaue.  subject  to 


'OPPORTUNmES"  StS'rfcu 

,  DISCOl  NT  of  105{»  if  full  payment  Is  made  in 
advance  for  four  consecutive  insertions  of  undls- 
played  ads  (not  including  proposals). 

DISPLAYED— RATE  PER  INCH: 

The  advertising  rate  is  $9.00  per  Inch  for  all  adver¬ 
tising  appearing  on  other  than  a  contract  i>a.sis. 
Contract  rates  iiuoted  on  request. 

.\N  ADVERTISINO  INCH  is  measured  %  inch 
vertically  on  one  column.  3  colmun.s — 30  Inches — 
to  a  page.  E. 

10  A.  M.  October  10th  will  appear  In  the 
limitation  of  space  available 


POSITIONS  VACANT 


RADIO  INSTRUCTORS.  Receiver  aervicins 
experience.  College  degree  preferred.  $3600 
a  year  to  start.  $4200  after  four  months. 
Work  in  the  heart  of  the  Radio  Industry. 
Write  Raleigh  O.  Dougherty,  158  Market 
Street,  Newark  2,  New  Jersey,  c/o  New  York 
Technical  Institute  o<  New  Jersey. 


ENGINEERS :  JUNIOR  and  senior  electrical 
engineers  or  physicists  for  general  develop¬ 
ment  engineering  in  television  and  aUied  radio 
an<I  electronic  fields.  Established  manufactur¬ 
ing  concern  located  suburban  New  York  City. 
P-214,  Electronics,  S30  W.  43nd  St.,  New  York 
18,  N.  Y. 


RESEARCH  TECHNOliOGlST  we  have  an 
opportunity  In  our  Research  Laboratory  on 
the  development  of  scientific  electrical  and 
electronic  instruments  for  industrial  and 
laboratory  msasurements  and  controL  Tech¬ 
nical  background  In  Physics  or  Electrical 
Engineering.  Master's  Degree  or  equivalent 
decirable  but  not  necessarily  required.  Exper¬ 
ience  in  Technical  field  involving  Instrumenta¬ 
tion  and  control  problems.  Good  knowledge  of 
electronic  circuits  deeirable.  Write,  giving 
full  paxticttlare  to  Leeds  A  Northrup  Co.,  Per¬ 
sonnel  Dept.,  4901  Stenton  Avenue.  Philadel¬ 
phia  44.  Pennsylvania. 


the  war  broke  out  in  Europe.  I  re¬ 
ceived  such  letters  from  Persia,  or 
Iran,  from  Australia  and  the  last 
one  I  got  was  from  the  Phillipine 
Islands. 

All  these  letters  have  one  thing 
in  common,  namely  that  my  old  ac¬ 
quaintances  read  a  paper  of  mine  in 
Electronics  and  used  your  maga¬ 
zine  as  an  indirect  medium  to  get  in 
touch  with  me  again.  The  last  one 
I  received  from  Manila  was  very 
interesting  and  the  man  who  writes 
it,  Mr.  Picker,  had  been,  since  the 
surrender  of  Bataan,  in  St.  Thomas 
prison  in  Manila  under  the  Jap  oc¬ 
cupation  and  as  he  tells  me  among 
the  first  things  he  wanted  to  do  was 
to  get  hold  of  some  technical  maga¬ 
zines  which,  incidentally,  was  the 
February  issue  of  Electronics, 
1945. 

You  see  that  Electronics  has— 1 
think  deservedly — a  faithful  fol¬ 
lowing  all  over  the  world  and  I  am 
more  than  pleased  to  tell  you  about 
this,  the  more  so  because  some  very 
fine  people  whom  I  thought  dead  or 
missing  are  still  alive. 

Eugene  Mittelmann 

IHnrtur  of  Electronic  Hetearch 
tUinnin  Tool  Worka 
Chirngo,  Jlliuoix 

EMPLOYMENT  SERVICE 


S.YLARIBD  POSITIONS  $2,500-125.000.  Tbla 
thoroughly  organixed  confidential  service  of 
38  years'  recognized  stamtinK  and  reputation 
carries  on  preliminary  negotiations  for  super¬ 
visory.  technical  and  executive  positions  of  the 
calibre  indicated,  through  a  procedure  individ¬ 
ualized  to  each  client’s  requirements.  Retain¬ 
ing  fee  protected  by  refund  provision.  Identity 
covered  and  present  iMsition  protected.  Send 
only  name  and  address  for  details.  R.  W. 
Bixby,  Inc.,  278  Dun  Bldg..  Buffalo  2.  N.  Y. 


WANTED 

MCCHANICAL  DESIGNER 

Good  osportasity  for  mas  oxporioneod  in  tbo  dosifn 
of  tsaali  BMehanical  parts  and  assoaMios  for  aast 
produetion.  Writo,  pWisf  fall  dotails  of  oxporionco. 
ulary  expactod,  and  availaMllty. 

Eloetronie  Conpononts  Divition 

STACKPOLE  CARBON  CO. 

ST.  MARYS.  PA. 


POSITIONS  VACANT 


ASSOCIATE  PROFESSOR  Of  Electrical 
Engineering.  Education:  M.  S.  degree  in 
E.E.  with  specialization  in  Electronics. 
Teaching  experience  required.  Industrial  or 
military  experience  desirable.  Salary  $3200.00 
to  $3600.00  for  nine  months  school  year  de¬ 
pending  on  age  and  experience.  Write:  De¬ 
partment  of  Electrical  Engineering,  North 
Dakota  Agrlcultnral  College.  Fargo.  North 
Dakota. 


RADIO  ENGINEER— Needed  lor  extensive 
laboratory  development  work  In  circuit 
detailed  investigation  and  design  of  RP  com¬ 
ponents.  Must  hava  experience  In  experi¬ 
mental  radio  or  allied  technique*.  Write  to: 
Employment  Department,  The  F.  W.  Sickles 
Company,  Chicopee,  Maas.  Give  full  particu¬ 
lars  as  to  experience,  salary  desired,  etc. 


POSITIONS  WANTED 


I  .431  not  an  Engineer!  .lust  a  good  Electronic 
Technician.  Three  years  ex«>erience.  Civil 
Service  rating  Electronic  Engineer.  Pleasing 
Mersonality,  above  average  intelligence,  me¬ 
chanical  ingenuity,  high  degree  of  initiative 
and  industry,  supervisory  exoerlence.  Qualified 
commercial  photographer.  CREI  and  ESMWT 
training.  PW-236,  Electronics,  330  W.  42nd  St, 
New  York  18.  N.  T. 


(f'ontinued  on  page  310) 


VIBRATION  ENGINEER 

AVAILABLE 

14  years  •xporionce  in  industry,  includ¬ 
ing  oU  phases  analy^  and  testing 
work  in  aeroncniticol,  flight  test,  acous¬ 
tics  and  sound  reduction,  development, 
reeearch.  heovy  machinery  ond  Held  en¬ 
gineering.  Electrical  background  good. 
Deeire  responsible  position  with  well 
established  company. 

PW-338,  El.;ctronicB 

310  West  42nd  St.  New  York  18.  N.  Y. 
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UTC 

SUB-OUNCER  SERIES 


UTC  Sub-Ouncer  units  ore  9/16"  x  5/8'  x  7/8'  ond 
weigh  only  1/3  ounce.  Through  unique  construction, 
however,  these  miniature  units  hove  performance  and 
dependability  characteristics  far  superior  to  any  other 
comparable  items.  The  coil  is  uniform  layer  wound  of 
Fefrmex  wire  .  .  On  a  molded  nylon  bobbin  ,  .  . 


UTC 

OUNCER  SERIES 


The  standard  of  the  industry  for  seven  years.  The 
overall  dimensions  are  7/8"  diameter  by  1-3/16" 
height  including  lugs.  Mounting  is  effected  by  two 
screws,  opposite  the  terminal  board  side,  spoced 
11/16".  Weight  approximately  one  ounce.  Units  not 
carrying  D.C.  have  high  fidelity  characteristics  being 
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Radiation  from  4,000>degree  flame  gives  check  on  steel- melting  efficiency  at  Trenton  plant  of  John  A.  Roablings  Sons 
Co.  (see  page  102) 

ELECTRONICS  AT  BIKINI,  by  D.  G.  Fink  and  Captain  C.  L.  Engloman  .  84 

First  published  details  of  Crossroads  electronics  program 

WIDEBAND  MICROWAVE  AMPLIFIER  TUBE . .  90 

Electron  coupling  within  the  tube,  to  a  nonresonant  circuit,  gives  unusually  wide  band  and  high  gain 

DUPLEX  OPERATION  OF  INDUCTION  HEATERS,  by  W.  C.  Rudd .  93 

Two  units  can  be  connected  in  parallel  for  double  power  or  switched  back  to  single  operation  within  one  minute 
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A  servo  motor  automatically  resonates  its  own  circuit  to  the  supply  frequency 

NOISE  AND  OUTPUT  LIMITERS— PART  I.  by  Emerick  Toth  . 114 

Survey,  presenting  basic  limiter  circuits  with  parts  values,  analysis  of  operation,  and  performance  data 

TEST  OSCILLOSCOPE  FOR  TELEVISION  STATIONS,  by  A.  H.  Brolly  and  W.  R.  Brock . 120 

Sound-broadcasting  modulation  measurement  techniques  are  permitted  by  the  use  of  modified  equipment 

TWO-WAY  RADIO  FOR  POWER  LINE  CREWS . 123 

Description  of  37.1 8-mc  f-m  system  used  for  dispatching  service  trucks  to  line  breaks  in  emergencies 

COMPONENTS  OF  UHF  FIELD  METER,  by  Eduard  Karplus . 124 

Tuned  circuits,  attenuator,  and  voltmeters  that  are  suitable  for  uhf  are  described 

CONSTANT  CURRENT  CIRCUITS,  by  G.  J.  Wheeler  and  O.  T.  Fundingsland . 130 
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Nomograph  gives  coil  dimensions  to  produce  a  specified  mutual  inductance  in  r-f  transformers 

BUYERS'  GUIDE  ADDITIONS  AND  CORRECTIONS . 217 

Changes  and  additions  to  be  used  as  a  supplement  to  the  1946-47  guide 

CB08STALK  .  83  ELECTRON  ART .  194  NEW  BOOKS .  284 

TUBES  AT  WORK .  140  NEW  PRODUCTS .  220  BACKTALK  .  290 

INDUSTRIAL  CONTROL .  179  NEWS  OF  THE  INDUSTRY .  266  INDEX  TO  ADVERTISERS . 298 

«■>  M'nBiiiienwMMMewweunuMHHauHaaHMUMUHHMMenMaawwMHMMwwwaHHawaHUHnneaHiareMMeiwwMa^eM^ 

KEITH  HENNEYi  Editor:  DONALD  G.  FINK,  Eiecufive  Editor;  W.  W.  MacDonald,  Managing  Editor;  John  Markus,  Vin  Zeluff,  Associate 
Editors:  Frank  Rockett,  A.  A.  McKenzie,  Assistant  Editors;  Frank  Haylock,  Los  Angeles  Editor;  Gladys  T.  Montgomery,  Washington  Editor; 
Jeanne  M.  Heron,  Make-up  Editor;  Jeanne  E.  Grolimund,  Editorial  Assistant;  Harry  Phillips,  Art  Director;  Eleanore  Luke,  Art  Assistant 

H.  W.  MATEER,  Publisher;  WALLACE  B.  BLOOD.  Manager;  J.  E.  Blackburn,  Jr.,  Director  of  Circulation;  Dexter  Keezer,  Director,  Eco¬ 
nomics  Department:  John  Chapman,  World  News  Director;  D.  H.  Miller,  H.  R.  Denmead,  Jr.,  New  York;  Ralph  H.  Flynn,  H.  D.  Randall.  Jr., 
New  England:  F.  P.  Coyle,  R.  E.  Miller,  Philadelphia;  C.  D.  Wardner,  Chicago;  E.  J.  Smith,  Cleveland;  J.  W.  Otterson,  San  Francisco; 

Roy  N.  Phelan,  Los  Angeles;  Ralph  C.  Maultsby,  Atlanta 

**wwmeeiiemBBawuueMBBUB8uaBWBUuB8aaauuuwBUBBMuaBBWuueuBueaw>eeewiw«w>.ii  "■l^lllln>lll'l»r*g.■  ^^iwMHMMeaHeMeMuuar-'-mMeiUMeaaaHaHMnNP*'^^— 

ContenH  Copyright,  1944,  by  HcGraw-Hill  Publishing  Company,  Inc.  All  Rights  Reserved.  McGRAW-HILL  PU8LISHING  COMPANY  INCOR»ORATED. 
JAMES  H.  McGRaW,  Founder  and  Honorary  Chairman  •  PUBLICATION  OFFICE  99-129  North  Broadway.  Albany  I.  N.  Y.,  U.  S.  A.,  EDITORIAL  AND 
EXrcUTIVE  OFFICES  330  West  42nd  St..  New  York  18,  N.  Y.,  U.  S.  A.— Member  A.  B.  P.  Member  A.  I.  C. 

H.  Mefirew,  Jr..  Presidant;  Curtis  W.  McGraw,  Senior  Vloo-Prasident  and  Troaaurer:  Nelson  Bond.  Dimeter  ef  Adverttslne;  Eueene  Duflield,  Editorial  Assistant  to 
loeeeb  A.  Gorardl,  Seeretary;  and  i.  E.  Blaekburn,  Jr..  Vloo- President  ter  olreulatlen  oeeratlens. 
fLECTRONICB.  Novoniber.  1846,  Vel.  18;  Ne.  II.  PuMIshod  menthly,  with  an  additional  issue  in  June,  arleo  7Se  a  eety.  Oireetery  Iseee  $1.00.  Allow  at  least  taa  days 
ler  ebaaee  of  address.  All  eoniniuniMtions  about  subserietiens  should  be  addressed  to  the  OIreeter  of  CIreulation. 

SMbeerlpMon  rate^-Unlted  States  and  eossosslons.  $6.80  a  year.  $8.00  for  two  years.  $12.00  for  three  years.  Canada  (Canadian  funds  aoeeeted)  $7.00  a  year.  811.80  fur 
^  JP*rt,  $14.00  for  throe  years.  Pan  Amerleaa  eeuntrles  $10.00  tor  ons  year.  $16.00  far  two  years.  $20.00  for  throe  yearn.  All  ether  eountrios  $18.00  for  oae  year.  $30.00 
M  years.  Please  Indicate  aosltion  and  eensaany  eeanoetlon  on  all  subserlptlon  ordsrs.  Entered  as  Seooad  Class  matter  Aueast  28.  1836.  at  Post  OMoe.  Albany, 

hw  Verb,  under  the  Act  ef  Marah  3.  1878.  BRANCH  OFFICES:  520  North  MIehItan  Avanee.  Chloaoo  II.  IH.:  68  Poet  Street  San  Franelsee  4;  Aldwyeh  Heeee. 

London.  W.C.  2:  Washinaton.  D.  C.  4:  PhiUdelehIa  2:  Cloeoland  IS;  OetroH  26;  St  Leals  8:  Bostaa  IB:  AManta  $.  Ga.;  621  So.  Ho»e  8U  Los  Aofloles  14; 
'J«-8  (MWer  Bulldinf.  Plttsbarvh  ^ 


CHECK  the/^  SPECIFIC/IT/OHS 


CANTON ,  MASSACHUSETTS 


TOBE  DEUTSCHMANN 


'J'hese  data  explain  the  outstanding  performance  of 
Tobe“  Oil-Mites”  .  .  .  demonstrate  their  qualifica¬ 
tions  for  use  under  extreme  humidity  and  temperature 
environment .  .  .  show  the  diversity  of  mounting  pro¬ 
visions,  sizes,  housings,  and  electrical  ratings  for 
convenient  incorporation  in  electronic  and  electrical 
apparatus. 


Winding:  non-inductive. 

Impregnation:  mineral  oil. 

Case:  seamless  drawn  steel,  hermetically  sealed;  non-magnetic 
case  (copper  or  brass)  can  be  furnished. 

Terminals:  non-removable  tinned  copper  solder  lugs  riveted  to 
phenolic  bushings. 

Terminal  Seal:  oilproof  gaskets  between  all  adjacent  surfaces 
in  terminal  assembly;  terminal  solder-seal^  to  assembly 
rivets;  metal-to-glas.s-sealed  terminals  can  be  furnished  if 
specihed. 

Case  Finish:  tinned  all  over. 

Markings:  type  number,  voltage  and  capacitance  rating,  and 
terminal  identification  ink-stamped  on  case. 

Insulation  Resistance:  never  less  than  2,000  megohms. 

Dissipation  Factor:  less  than  0.008  at  1,000  cycles. 

Operating  Temperature:  minus  55C  to  plus  85C. 


With  Attached  Channal  Brackot 


RavorsibU  Hold-Down  Brockot 


Uniformity  of  size  adds  to  the  convenience  afforded  by  “Oil- 
Mites,”  allowing  gang  installation  above  or  below  the  cheissis. 
Both  upright  and  inverted  mounting  can  be  furnished,  as 
illastrated.  Where  necessary,  variation  can 
be  made  in  style  and  position  of  terminal  lugs. 


Reprints  of  this  specification  page  are  avail¬ 
able  and  will  be  sent  on  request.  For  detailed 
data  on  “Oil-Mites”  and  other  Tobe  Capaci¬ 
tors  ask  for  Catalog  4611-E 
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